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PREFACE TO THE THIRD EDITION 


When the writer wan nniuoated by the publishers to under- 
take a revision of the late; Mr. Poole’s work, a study of fuels 
revealed that since the sc'.eond edition of this l)Ook was published 
in 1900 thert^ have been many advances in the subject. Not 
only have new finds come into usi', but the methods of investi- 
gation of the earlier scientists have been improved and mon* 
accurate data arc now available than when tin* liook was first 
prepared. In fact, the work of some, of the investigators on 
which tho first edition wiis basi'd is now ginn'rally discredited. 

In view of these facts it was deemed advisable to practically 
rewrite the book and to imnirporate in it tlu^ lati'st researchi's, 
not only in c^oal, but on the finds whitdi have to a great extimt 
replaced or suppli'inented coal. Among thi'si' are the fuel oils, 
gasidine, denatured alcohol and natural, produei'r, blast furnace 
and coke oven gas. 

Wliile till' knowledge of the coals of the United States at 
the time of the first edition of this book ri'iiresi'nti'd the work 
of a large numlwr of indi'pi'ndent invi'stigators, there was no 
coherency in their ri'si'arches. In recent yi'ars, however, a sys- 
tematic study of coal and many othi'r fuels has bi'en made l»y the 
United States (tcological Survey and the United States Bureau 
of Mines. These studies, which are far in mlvance of anything 
of similar character yet attempted, form the basis of this third 
edition. Thi' original tables of the author have Is'cn presi'rved 
almost intact, howi'ver, except when* proved inaccuracies were 
discovered. The researches of the (leological Survey and the 
Bureau of Mines form an addition to the original data. 

While the earlier editions wen* basi'd on the metric units, the 
pri'sent edition is Imseil largely on the Knglisli system of units. 
Where the metric units arc retain«!, the matter reprew'iits the 
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work of Mr. Poole. The reviser believes that the use of the |K)und 
and the British thermal unit instead of the kilogram and tht' cal(»ri(( 
will make the book more serviceable to the ust'r of fu(d in tht^ 
United States. It is believed that the book in its prewmt fonn and 
arrangement will 'serve a useful purpose in every industry which 
uses fuel. 

EGBERT THURSTON KENT. 

New York, Nov. 16 , 1917 . 



PIll^FACE TO THE FIRST EDITION 


The books on fuels hitherto published in English contain 
only a few scattered facta regarding their calorific powers, how 
they arc obtained, and the practical usi! made of them. Quitii 
frequently these books an^ consulted for iFt^se facts, and the 
information they do contain is utilizc'd to its fullest extent. 
It was thought that, a book esiK'cially dt'votial to this subji'ct 
containing all the rtdiabk' data might be of interest, and in 
furtherance of that idea this book is published. 

The work commenw'd as a translation of M. Scheurer-Kest- 
ner’s “ Pouvoir Cahrijiquc den ComhmtihleH but changes be- 
came necessary to adapt it to American nu'thods and data, 
and it was diu'med advisable to simply use the skekdon of the 
work and fill it in, as considered best. JCvcai this skeleton has 
hardly bi'mi preserved intact, as the arrangenumt of much of 
lh(^ material has Ix'cn changed, many jxirtions omitted, many 
new ones supplied, and in some (>f the original discussions the 
argument has beim so changed as to point nearly opposite to 
that advocated by M. Heheurer-Kestner. 

'I'lie work embraci's only that portion of calorimetric de- 
terminationH having a Ixairing on fuel vahuu A concise* descrijs- 
tion is given of the h'ading calorimeters, those* most commonly 
used lH*ing descrilx'd mon* fully than the others, and some examples 
of working and calculations are addeti. 

C'oal b(*ing the principal fuel naturally rt*ct*iveH more space 
than atiy t>f thi* others, and most of the examples and calcula- 
tions are bas(*tl on n*sultH from this fuel. The oth(*r fuels are 
discusst*tl, brit*fly, some 8|)ace lx*ing given to the heats of for- 
matitm of the different kinds of gas, and the advantages gained 
hy their ust*. A short aeeount (»f theondical flame temjKsra- 
tur<‘H is given, with the nudluHls of calculating and aj)piying 
the same. 
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A set of tables of constants used in this and allied subjectH is 
given, and finally a collection of calorimetric and analytic data 
on all the kinds of fuel used. It is believed that thewj tables are 
fuller and more complete than any previously pul)liahed in any 
language, and in collating them all available books and {a>riodieals 
have been freely used. In all instances wher(( tlui author w«ih 
known, he has been credited with his results. Of course in such 
a large number some unreliable data may have crept in, but all 
possible pains have been taken to exclude any such. 

For help in the work, and especially the tabular matter, the 
author is under obligations to many. Prominent among them 
are Profs. R. C. Carpenter, E. E. Slosaon, W. 0. Atwat.i*r, and 
D. S. Jacobus; and Messrs. William Kent, R. S. Hale, P. L, 
Slocum, W. B. Day, and C. E. Emory. The Astor Library and 
the Libraries of the American Society of Civil Engin<*erH and 
the American Sociery of Mechanical Engineers wen* fnady used, 
and much help obtained from the librarians. Most of the ctits 
are from Scheurer-Kestner’s book; a few w(!rc taken from Ltmge 
and Hurter's Alkali-Maker’s Handbook; some from (Irovi's and 
Thorpe’s work on Fuels; a few from the Reports of the Amerierm 
Society of Mechanical Engineers; two from Dingler’a PdytecJmk 
Journal; one from the Scientific American Supplement; and one 
from Engineering News. 

The author knows well that the book is far from fwrfeet 
or complete, but it is as near so as could bo made with the divj'rw* 
kinds of material obtainable. Some errors, especially in f lu> ( ables, 
may be found, which he hopes to correct in tlu' fu<ur»\ 

That it may be found of service and aid to others in their 
work on fuels is the sincere wish of the author. 

HERMAN I‘(X)LK. 


New Yoek, Jan. 1, 1898. 
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CALORIFIC POWER OF FUELS 


(niAPTER I 
INTRODUCTORY 
FUKLH 

PuKLB arc those sul)Rtaiu^e8 <;oiitaining carbon, or carl)on 
and hydrogcai, which are utiliml for thc^ tliey prodiun* 

upon union witli oxygcau The products of this uruori, called 
combustion, an‘ carbon dioxuh^ or (*arbon dioxide and wat(*r. 
Many fuc‘ls, HU(‘h as wood, peat, crude* pedre^lcunn, etc., exist 
naturally; ottu'rH, such as coke*, charc^oal, coal gas, etc,, are 
formed artifKaally. 

fui'l par excdlenre to-day is coal. IrnprovenuatiH in 
transportation alhnv d(*liveri(‘s at points more* and more nanote 
from the min(*H, and the incrtaising deauand, nideal by new and im- 
provcal ma('hin(*ry, temds to 1 <»w(T tlu* (‘ost. New kications are 
still bang diHcov(*n*d, and th<* ctld otters an* being workca! more 
thoroughly and comtikdely. A larg<* portion of this liook will Im 
devoted to e(jal, (itlu*r fuels Inang t related ineidcaitally ; and such 
treiittricnt is fitting, since if is the stmly of coal to whieli the en- 
ergies of pliysieists and «mgine(*rs are still prinei|)iilly devoted in 
tlieir ref4«*aiTlM*s on the (adorifie powt‘r <if fm*l. 

For c(aiveiiicaHa* of discaission the fuels will Im* divided into 
three general heads: 

Bfilid fuc‘ls^- eoaJ, lignit^e, ixait, eokf% clifireonb iiiid wcKici 

licpiid fiiel8--{K*troleuni, shalt* oils, vegetable* find iiniiniil 
oik. 

fuc*ls'— coal gas, producer gas, water gas, blast fur- 
riiiee gas, coki* oven gas, iiuxchI gas, natural gna. 
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CALOEmC POWER OR HEAT VALUE 

The quantity of heat generated by the combustion of a definitts 
quantity of fuel in oxygen is called the calorific power, lu'at value, 
or heat of combustion. It is measured in calorwis or British 
thermal units (B.T.U.). 

The Calorie is the quantity of heat required to raiw* the tian- 
perature of 1 kilogram of pure water 1 deg, (lent. It is frc'quently 
stated to be the quantity of heat required to raist'. 1 kilogram 
of water from 15 to 16 deg. Cent. 

The British thermal unit is the quantity of heat required to 
raise the temperature of 1 lb. of pure water 1 d('g. Fahr. Pc'abody 
gives it as the heat required to raise the teinpc'ral un^ of 1 11). of 
water from 62 to 63 deg. Fahr., while Marks and Davis give it 
as Vise of the heat required to raise the watc'r from 32 to 212 de"’. 
Fahr., and this is the definition that is now (1917) generally 
accepted. 

1 calorie=3.968 B.T.U.; 1 B.T.U. « 0.252 calorie. 

Other units of heat are: (1) The pouml-adorie, the heat reciuired 
to raise the temperature of 1 lb. of water 1 deg. (kmt.; (2) the 
gram-calorie, or the heat required to raise 1 gram of wat<*r I deg. 
Cent.; (3) the mean calorie, which is Viooof the heat giveti up by 
1 gram of water in cooling from 100 deg. to 1 deg. Cent. A calorie, 
when used as the measure of the heating value of a fuel is the 
number of units of weight of water whost! temix'niture may Ihi 
raised 1 deg. Cent, by the combustion of one unit of W(*ight of the 
fuel, the unit of weight being 1 gram, 1 kilogram or 1 Ib. A calorie, 
thus used, is equivalent to 1.8 B.T.U. 

HEAT OP COMBUSTION 

The combustible constituents of fuel, such a« carlmn, hytlro- 
gen, sulphur, carbon monoxide, methane, or marsh-gas, etc., when 
burned in oxygen or air generate a certain definite amount of heat 
per pound of combustible. The heating value of carbon is 14,544 
B.T.U. according to Pavre and SillKirrnann ami 14,647 B.T.U, 
according to Berthelot. Hydrogen has a heating value of 62,{Kt2 
B.T.U. according to Pavre and SillH'rmann un<I (H,8I6 B.T.U. 
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according to Thomsen. For ordinary practice the figures 14,600 
B.T.U. are used for carbon burned to carbon dioxide and 62,000 
B.T.IJ. for hydrogem burned to Bte^am—the steam being condensed 
to li(|uid wat-(^r. Tlu^ luiating valium of any fuc^l siK;h as coal whiclii 
consists of a mixture of combustible and non-cmml)ustible sub- 
staru^es may l)e dekn’miiied direct, tly by means of a calorimetc'r, 
or it may be calculated from thci (ihemieud analysis of the fuel by 
Dulong's formula which is: 


Heating value = | o X 


l4,()0()C+(»2,()()()^Il-*~j+4()()0S 


ExprciHsod in terniK of (HnitiKnul(^ unitn tluH forumla will road: 


Heating value 


lio 


8140{'.+34,4()0 



+2250S 


In tlu'Mi formula) C, II, O and K are reHiK‘((tiv(>ly the ix'reentages 
of carbon, hy<lrog<'n, oxyg(>n and Hulphur contained in the. fuel. 


The term 


(»“ h) (‘alUal the available or tlisposable hydrogen, 


or that which is not combiiuMl with thc^. oxygen in the fiat. 

If insU^ad of Imrning to earbon dioxide, carbon is burned to 
carbon monoxide* it will g(‘n(*rate but 4451 B.T.U. lUTording to 
Kavn^ and Sillnaanann. If tliis carbon monoxide is later burned 
to carlHai dioxuh* an mlditioiml KMMKi B.T.U. will 1 h* generated, 
making the* total !u*ai of coministion of tlu* two prcKH*Hm*s the same 
as if file carbon was burni*d to carbon dioxide in the first plae<\ 
Dultmg^H formnla, noted above, d(H*H not hohl true in tlie ease of a 
mixed gaH4*ouH fiat eontaining earbon monoxide, nor <hH*H it ii|ipear 
to hold triu* witli some hydimenrhon gamnniH flats sueh ns methane; 
while it dcM*H ap|H*ar to hold for ethylene and benzol. 

Th<* talile on |mg(* 4, from Steam BoiIct Keoiiciriiy by 
William Kent, secorul i*ditmn, shows tla* heat of eomlnistion of 
various Hulistniiei*s in emygen. 

Hie heating viilia* of methane, if fiileiiliited aeectrding 

to its com|wmition by ttie formula HI)H6U-b34,462H, using Favre 
and Hilhermiimrs figures, is 14,675 (Vutigriide lieiit-units, insteiid 
of l3,tMW, till* value determineil by a ealorimeter, a difiereneci of 
1612 heiiUimiti. The ealeuluted laaiting value of ethylene, 
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C 2 H 4 , is 11,849, and that of benzole gas, (’ 4 U 4 , is 10,1011 
units, differing respectively from the calorimetric values only 9 
and 7 heat-units. 

HEAT OF COMBUSTION OF VAIUOU8 SUBSTANCES IN OXYGEN 


IIkat-unith. 


Authority. 


Cent. 


Hydrogen to liquid water 

Carbon (wood charcoal) to carbon diox- 
ide, CO 2 

Carbon, diamond to COa 

Carbon black diamond to COa 

Carbon, graphite to COa 

Carbon to carbon monoxide, CO 

CO to COa, per unit of CO 

CO to COa per unit of C X2403. . . 
Methane (marsh-gas), CH 4 to COa and 

HaO 

Ethylene (olefiant gas), CaH 4 to COa 
and HaO 

Benzole gas, CflHa to COa and HaO 

Acetylene, CaHa to COa and HaO 

Sulphur to SOa 


/ 34,462 
134,342 
/ 8,080 
I 8,137 
7,850 
7,861 
7,901 
2,471 
i 2,401 
1 2,385 
5,607 
/ 13,120 
I 13,061 
I 11,858 
I 11,937 
3/ 10,102 
I 9,915 
10,109 
2,250 


Fahr. 


62,012 

61,816 

14,544 

14,647 

14,146 

14,150 

14,222 

4,451 

4,125 

4.291 

10,091 

21,616 

21,511 

21,144 

21,521 

18,184 

17,847 

18,196 

4,050 


Favru and HiltM^riiiwiu 

Thoiuitm 
FavTii and 

lii*rthi4ot 

Herthidut 

Favft* atul Blllwriimiiii 
Favri^ aint Hiltwriimnii 
'rhorititwi 

Favff^ and Hllhariiiiiiii 
'rhommui 

Favru and Hllhi»rnmnn 
Favrt» atid HUtwriimiin 
Hjoinm'n 
Thoinm^n 

Favrn and Hiitwritmnti 

C'aUndaW 

N. W. laird 


Other authors and experimenters have tried to iuterpnifc their 
results by a genciral formula with varying aucw^. Many of 
them by working on a certain number of coals from a certain 
location work out a formula which applies t.o that wt of coals, 
but not as well to another set. 

Mahler formulated one based on the results of ealorimetrii! 
determination of the heat of combustion of 44 different kiinls 
of fuel. It is 

Heating value 
or simplified, 

Heating value = 1 1 1 .4 C -|-37f) H - 3(K)0 ; 
or, 

Heating value (B.T.U.) =200.5G-f 675 H -5400. 

With the coals he examined ho found a very elf»«, agree- 
ment between the results calculated by this formula and tiuMt* 
observed. A similar but not equally close eoncordanee wa* 
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found using the Dulong formula. With wood and lignites the 
difference amounted to 2 per cent. His formula applies also to 
other substances whose constituents are accurately known. 
Cellulose, the heat of c,oml)Ustion of which according to Berthelot 
is 4200 calories, by Mahler's formula is 4264. 

In summing up lu^ says: “ hVoiu a scicmtific point of view, 
in th(^ present state*! of our knowledges on the subjee^t, we cannot 
give a gemeral fe)rmula ele'|)emeling st rictly on t he' e^hemhcal composi- 
tion wliicih will give^ the^ cale)rifiet power e)f combustible's, substance's 
80 comple'x anel varieel." 

The'. Powc'r Te'st (k)mmitlee of the Anu'rie'an Society of Me- 
chanical Engineers in tlie 1015 Boiler enale^ recommends the 
formula 


14,600C+G2,000 



+4(K)0S, 


in which C, II, 0, and S refe'r to the proportions of carbon, hydro- 
gen, oxygen, and sulphur, rc'spee'tive'Iy. 

Lord anel Haas in a pape'r re'ud be'forc' the' American Insti- 
ture of Mining Engiiu'ers, Ke‘b., I8U7, state that in a serums of 
forty Pc'nnsylvanla anel ()hie> coals they found difft're'nce^s vary- 
ing from +2.6 to — l.H jK'r c('nt bciwce'ii the t'alculate'd and the 
obse'rvc'd results, and an ave'ragt' dilTcrciu’C e)f ““0.12 pe'r cent 
In IHtKi Bunte* pulilishc'd some' antilyse's and calorimetries 
tc'His of gas-cokt'H, showing a differene'e of frean +t).CM to~-L2 
fX'r ct'iit. 

Thn*i' t'li'me'idH e'ldt'r itito thew case's, tlu' analysis, the 
calculation, and tlu' I'tanlmstion; all may Ih' errone'ous. As 
the iiiatP'r stimelH now tlu' we'ight of error Hc'i'nm to b<' on the 
side of tla* amdysis, as our mt'thods of analysis, e'Hj'M'cially in 
wiiti'r ileterniiniitiemH, arc* not t'utirely satisfactcay ; yc't it must 
coiifi*ssi.'d that some of the most r«'f*ent. arudyses give* a I'aisig 
frtiiii which very «‘l’C»se iigrei'nic*nt. vim hv calculated. With such 
finds IIS coke, ctiiirceial, c»r ii.nthmci!e, having hut little veiliitlle 
iiiiitter, the results iigri'e e|uite well, hut with the liitumiiKms 
fimls, iisjihalts, iniiieriit oils, ete., wliieh are so %Try eomplex, 
the diflereiic'es are greiiti'r,'* In these the ncfuiil proxiiiiato 


ivliihicr’ii liaiit ftir Dukmg’w hiriiiulii m 
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chemical constitution seems to mak<' a clifTerciicc'. U ni 
safely stated, however, that for ordinary induatrial u» 
absence of the possibility of a calorimetric and with 
having under 20 per cent Of volatile matt('r, a fairly ae 
approximation may be arrived at by calculation. 

If possible, by all means have; a calorimetric* test. 1 
possible, use the best analysis available. 

Calculation from Quantity of Oxygen Used.- 'I'his 
htharge reduction test in which the combustible is inixetl 
an excess of htharge and heated in a crucibk*. 1 he lait ton ( 
formed shows the amount of oxygtm cotmum<‘d, from whi< 
heating value is determined by Welter’s formula. This fo 
is based on the hypothesis that the heat of combuKtio«t is p 
tional to the quantity of oxygetn consumed and is 

Heating valu(^ mP, 


in which m is the coefficient previously det<'rmined, and /* 
weight of oxygen necessary for tlu^ <’omhuHtion <»f 1 kdngr 
the substance. 

Giving P the value resulting from the use of the e* 
lents — 16 for oxygen to burn 6 of carbon, and S for ox.vg«*t) t« 
1 of hydrogen — we have 

and the general formula becomes 


Heating value (calories)" 8m 



« 2fi,K8o(!j 4 h) 


In using this method the heat should Ik* inen*iim*jl v»*ry « 
Mitchell substituted white lead for litharg** and ehutiM'd to « 
uniform results. 

This formula was recommended by Herthit't, nnd Ijiw 
used since by a few others. It is faulty, as was sbemtj by so 
Berthier’s own determinations in which contnulictory roKuIlf 
obtained. Dr. Ure showed that no unift»rm rt'stilts roii 
obtained using the same materials. Heheuifr-Ktwtftcr in 

* Value given liy M, 8er. 
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Bliowed that the formula not only gave erroneous results, but 
a(itually reversed the reflation of combustibles. In one case cited 
the luuits ac^tually obtained by a calorimeter were 8813 and 8750, 
whil(‘ l)y the lit.liarge t-est they were 7547 and 7977. The results 
were not- only low, but. reversed the ratio. 

This mc‘t.hod is allowable only in cases where the crudest 
approximations an^ d(\sired and where no analyses or calori- 
metric t.(‘HtH can possibly be made. 



CHAPTER II 


CALORIMETRY 

The heat of combustion of a fuel can be (h'tt'rmitied, aw well 
as by calculation, by an instrument known as flic cnlorinicti'r. 
The earliest calorimeter consisted of a block of clear ice in which 
a cavity was made — the cavity being clomHl by another slalt of 
ice. The body whose power of heat emission was to l«> mcasuretl 
was heated to a known temperature, usually UK) <leg. Cent, and 
introduced into the cavity in tho ice whiidi was then (juiekiy «‘lo.Hcd 
with the covering slab. Tho amount of water inelt«‘d from thti 
ice during the period in which the body was cooling tti tin* tem- 
perature of the ice was removed from the cavity and wcigheil. 
The quantity of water so formed was tho nieasuro of the heat 
emissive properties of tho body. 

Modern calorimeters aa used to dotortinno the heat of eojnhus- 
tion of fuels, consist essentially of a eomhuatiou ehamlKT in 
which the fuel is burned in oxygen, a vohw'I containing a known 
weight of water in which the combuHt.ion ehamlHir is immcrsetl anti 
thermometers for measuring tho rise in ttunptwatun^ of flu* water 
after combustion has taken place. The several ty|H‘M of calorim- 
eters which have been used vary in tho miml«*r and style of aux- 
iliary appliances and details, but their ('asenf ial feaf urc.s cnrtsi.tt of 
the three parts noted above. Tho com bust ion chuml *crs arc cit Imt 
under a constant pressure as in tho tailorimtttcrs of Rumford, 
Favre and Silbermann, etc., or they have a constant vttlumc ns 
in the calorimeter of Andrews, Berthelot, etc. In (he tlcfi>r- 
mination of the heat of eombusfion of solids' the ditTcnmcc of 
results is so small aa to lie negligible. With gaws, lamcvcr, the 
case is dMerent and the conditions under which tl»* result given 
was obtained should in all cases where possible !«> .sfaterl. 

The first calorimetric experiments dale from Ijivoisier and 
Laplace. In 1814 Count Rumford replaced the ict* eahirimeier 
of Lavoisier by an apparatus in which the heat develo{H‘d during 
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the coml)ustion was absorbed by water. It was some time 
after, 1858, that Favre and Silbenuann disciovered the causes of 
th(^ great (errors of their prede(*essors, and publislunl methods 
for cx)rre(^ting some while avoiding otlu‘i's. We ow(^ to tluun, 
above all, the observation that, even when supplied witli pure 
oxyg(vn, (X)mbustion may be only partial, on account of the 
fortnation of combustible gases. 

They determined that, this occurs generally, and gave a method 
of (est imating the unl)urn(‘d gasc^s, so as to mak(‘ allowan(H‘s in the 
calculation. 

(•arlxm, which, befone tluar time, had giv(*n only 7924 (‘alorices 
to Laphune, 788(i to (1(‘m(‘nt“n(esorm(‘s, 7915 to I)(\spr(4z, 7295 
to Dulong and 7978 to Andn'ws, yielded to Favre and HillKTUumn 
8081 aft(*r (‘orrection for (‘arbon nu>noxid(‘ in tlue wasle gas(‘s. This 
(|uaidity has sinc(e luaen incn‘ast‘d to 8140 by tlu' latest det(a*mina- 
tion of Ih'Hluelot. B(‘rth(4ot and Vu41(‘ have shown that by using 
oxygen under piessure compl(‘t(‘ (*ombusti(m can In* attairued. 

TliKUMOMKTKHH 

Tlie th(erniom(4(er is oiu* <4' th(‘ most important parts of the 
enlorimeter. u(*t‘uracy of tlu^ (kdeaminations mack* de|>endH 

upon tla^ accuracy of tlu* thcnnoinett^r, tlu* ('xacdiuHs of the reading 
and thi‘ corrections which must be introduecHl 

Favr(‘ and Silb(‘rmnim <‘mpky(‘d a tlu*rmometi‘r of their own 
design, dividtHi int(» O.l ck^gree and graduatial from 82 to 0 deg, 
(’ent, Facli ck'grta* ixanipital fil»ont 0.8 in. By intains of a caith- 
etoiutder flay riaul to O.Ol (k'gree. Ttuar ealtniimdric' bath of 
2 litres ca|mcity was subjected to at k^ast. 8 dc^grees elevation 
ill teinperiiiure, and tlu* <|unntity of sulmtance nenwary to use 
lit times t*xeet*ded 2 grams. 'Fo lessim this amount of rise of teiii- 
lieniitire and also the time of eomlaistion, they used longer ther- 
mometers, with seales rending to 0.002 degree or even to O.tMIl 
dt'gree, Helieiirer-Kesti«*r used a thmnometer divided to fl.02 
degiiH* wifli liis Favie and SillK*rmaim ealoriiiieti*r. Htnce tliim 
liny liave l«*im usixl generally. Sueh tluiniometers are difFieiili 
to work wit-fi, and rtH|uir** rare in manipulatiom iind often ii 
of tlierriiometers or at lens! two with senli^s in m|uetice iiix' 
tnipltiyed. If the ifiifiiil teiti|H*riitiire of a eiibriiiietrie Imtli is 
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found a littlo above the hipihost p;*’a^^**‘*'^*^*** ^'***’f Uut- 

mometer, and if the rise in temperature of the iiath aiiumiila to 
2 degrees, we must substitute tlie w'coiul oiu' huviiig for its lowest 
degree the highest of the first. BesidcK tlie trouble (tf substitu- 
tion, it necessitates a correction for agreement of tlie dcgreivs 
common to the two instruments. To obviate' this difliculty the 
“metastatic” thermomett'r was iiivenled 
by Walfcrdin and described in the 
Cornptes Rendu de I'Acndeniii* di'.M 
Sciences, 1840, p. 202, and 1K42, p. (W. 

As it is not advisable to huvr* tlie 
increase of ti'inperature more Ilian O or 
4 deg., and as this inen*nse must 1h> 
measured very closely, thermotneter.s are 
used in which tlu! sti'in is so drawn out 
and divided that small fractions of a 
degree' can be easily rcail. The divisions 
of the scale should not Is* grenti'r than 
0.25 deg,, and much fiiu'r is desirabk*. 

Many physicians ust* sjH'cial thermom- 
eters having the resi'rvoir and the tul«‘ 
near the zero point blown large t'lmugli 
to hold all the mercury nw*<U*d from 0 
to 16 deg. or to the hc'ginning of fht* 
divisions. The graduations, engraved on 
the glass, should thi'u ls*gin ami the luhe 
bo drawn out so that they may Is* suf- 
ficiently fine. Too long a tube, (over 18 in.) is liable to damage. 
If the mercury cylinder lie too large it dis's not resjsutd unieklv 
enough to minute changes in tt'mix'rat ure. lieadings of (lie 
thermometer are usually made with a I'athetometer, and hence 
0.02 deg. is sufficiently small. The li'tigtli of a degree should Is- 
at least 1 in. 

With all thermometers it is essential that the gla.'W of tlm hulh 
should be rather thin, or the flienminieter will lie *• ii*,, slow," 
The slightest difference in temperature must !«• shown immeduifcly 
by a movement of the nu'rcurial column, 'i’o t< st for m-nsihility 
read the height of the column and then place the hand on the Inill'i. 
If sufficiently sensitive the mercury will descend cjuickly from the 


ay 


Wo 







Fig. 1. — Metastatic Ther- 
mometer, 
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expansion of the glass and afUa'wards rise. In thermometers 
divided to 0.01 deg. tins movenuait should be immediate, and over 
sev(a*al hundredths of a (k^gnn^ 

In ordinary calorimcd.rie (‘xp(n’im(mts the eorrcH'tion due to 
the length of ih(‘ nuuH'ury (‘olunm flowing out of the bulb may l)e 
negleeted for s(n'('ral reasons. The ex))erimenis should be made in 
a room whc're th(‘ t(MnjK‘ralure is luuirly tln^ sanu' as fhal. of the 
ealorinu‘(ri(‘ baih. Such eorr(H*tion would be of very litth' eonse- 
(|U(m(‘(‘ for slight. eha.ng(ss of tenqxTafurcs and tlu^ (‘xpcaimenter 
should plung(‘ tlu* tlu'rmonu'bu' into th(‘ bath as de(‘p as is neces- 
sary to tak(‘ r’(‘ading at. the level of tht^ eye. 


INSTALLATION OF (’ALOIilM KTHH 

The caIonnu*t(‘r should b<‘ phuaal in a room fn‘e from sudden 
changes in temp(‘ratur(‘ and (‘onsiaiiamtly prottaded fiaan direct 
sunlight. If it is not entindy protiadial from solar radiation, the 
apjiaratus may b(‘ std up on tht‘ north side and shaded from the 
dircad midday sun by a s(aa‘(aL 

ddu‘ i‘al(Hhn(d{a' (ylindi'r with its acaa^ssca-ii's, as well as the 
distilhal water ustal, shouhl nanain in thc‘ watta* long enough to 
a<a[uiri‘ its proper tiaupia'atuna 'Thc^ cylindta' should Ih' protected 
as much as possibl(‘ from rmliation by (anadopes which vary accord- 
ing ({» (drcaunstaiua^s; Favn* ami SillKaanann ustal a (‘ylindta* with a 
double wall The (‘xlernal one was filled with watta’, and bed ween 
tliis one and tla* cylinder |>rc»|Ma’ swaids down was panked. TI«? 
upfwa* part of the* eylimka- also hutl a layer of thic^k pn|M*r covered 
with down <m the under sidta 

lli*rthele»! states that the <i<»wn is iiuae tnmblestmu* than use- 
fiib and that it may be omiitetl with advantagt*. The space be- 
tween the cylinder ami its envtdi»|H* forms a layer of air winch is 
tin exctdleiit. non»condiud«a\ In mtHlern instruments tht' down 
is repliic‘ed by a thirk layia' <»f fidt. Bertlielot evrai omits this 
eoverifig, stating that the great c*ausi‘ of loss of head was iicd from 
radiiitiiiiL but due to evaponitHui produced by the agitidaai c»f 
the wider in eontar! witli the air. He* snrniuiids his cyltmltT 
%vitli II layer of air insitle of the envcdo|K* of water, ami outsidi* of 
nil II layer of fidt llH in. t!ii<‘k. By I Ins iiieiiiis exiiTiiiil influence 
is riiiirli reiliiced. 
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EVALUATION OF THE OALORIMKTEU IN WATER 

When the fuel Ls burned in the conibiiHlion chmnber of the 
calorimeter, the heat generated iw al»Korbed liy flu' wafi'r in tlu' 
apparatus, and the apparatus itself. If all the* heat wi're absorlied 
by the water, and none whatever by tlu' apparatus, tht' fpiantity 
of water would have, to be ineri'ased by an amount whose lu'at 
absorbing capacity would be, (‘xaetly epual to that of tlu' calo- 
rimeter. This quantity is known as thi' “ water value " of the 
calorimeter. The water value includes the combustion ehanilHT, 
the immersed pieces, tlu'rmonuder, suiiiwirts, etc. 

Following is an examph' of tlu' calculation of the value in 
water of a Favre and Silbermann ealorimetiT: 


Copper, 1 145.651 |?raniaat 0.09516H[KH-llt(* hmt .............. |()9 OOa iiramn 

Platinum, 22.810 graniH at 0.0124 Hpfdllc lumt. , ^ 0 ;oii 

Value in water of ttie ohamher and iMToHMorlt’n « 109. ?I4 

Thermometer, weight of ghwH irurnerHed, 12 graniH at 0, 198. , . . .... «•» 2. 400 

Mercury, 63 grams at 0,332 2 . 020 

Total equivalent of water 1 14 184 


which added to the 2 kilogranm of water in tlu^ bath inakes a 
total of 2114.184 grams of watiT. 

The calorimetric winght for the Herthelot bomb at the College 
of France in 1888 was 398.7 grams for iKiinb and aceeaaories. 

The water value of the ealorimeb'r umnl by laird and Haaa 
at the Ohio State University, Columbus, ()., was determined 
as 465 grams. Mahler’s apiiaratus had a water equivalent of 
481 grams. Still, it is Ixitter to iletermiiu* this (‘quivaleiit by 
actual experiment, as we are not sure of the sjKH'itie heat of the 
metal of the bomb, which might, however, be detenniin‘d by n 
sample taken from the original block of which it was made. 

Several methods may 1m; employed for this. 

When we use the calorimetrii; homb, we burn in the obus, 
using 2000 grams of water, a known quantity of a siilistanct* 
of fixed composition, and of which the h(>at of eomhustiori is 
known, as sugar, dr naphfhalin. We fh<*n use less wafer and 
bum a smaller quantity of the mihstimee. If 1 gram of subsfiinee 
was taken the first time, we may take O.H gram with 18(K) grams 
of water the second time. We than have two equations, from 
which we eliminate the heat of combustion of (he subsfaiRM; 
and deduce thence the value in wat(;r of the cylinder, (;te. 
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This method, suggested by Bertlielot, may l)e replaced by 
the following, to which he gives the pr(',feren(;e: 

l\)ur intx) ihe (‘aloriitieter a certain quantity of warm water, 
at 60 d(‘g. ( «(nit. for inst.auc.e. This watcu* is previously contained 
in a l)oi>i.I(^ and tlu'. hnupen-ature is nu'asunHl by a tlu^Tmometer 
placed insider As coiiirol, operal-e first without the bond) in tlie 
cylincku' nud aftcTwards with it in place. 

One {(‘st of this kind gav<^ B(M-th('lot a value of 354 calories 
for the bomb. Tlu^ vaha^ dediu'cd by cahndation from spe(‘ific 
h(‘at was 355,4. Ih'low is tlu‘ (kdaikal (‘alcadat ion giving the 
s(‘|)arat(^ parts of t lu^ bond). 


Sul<‘T Stkki.. 


Platin' ttM. 


BUAHrt. 


Niiuu’H of 1 )ilT<‘ront 
I'artH, 


( 'nit'ihhL . 

( *ovor. 

Htoji-rork j 

(kmo Horow atid Hockft of; 

tiro I'HTrtor ! 

Moviihlo uoorHHorioH orrv 
ifot for mifjjHMiHion nu«l 
kindllof! 

Hf*rt*w of tiomb 
ktoviildo fool of iHUtib 

'lolni. * 


Wouaa 

in 

C » raiMH. 

Valut* in 
W att*r. 

Woight 

in 

(irmoH, 

ViUut* in 
Wator. 

Woikdit 

in 

( JramH. 

f 700 . 7 
III .Z 

11.7 

IH7.6I 
24. 2H 

1 .2« 

72H « 
528.fi 

2 i 6 i 
17.15 

20 0 



2,07 

no 7 7 

H8 0« 

ii 0 

1 

1 07 

1 

i 

1 

j iofi *) : 

774** i 

iOl 24 

1 

1200 6 

i 41 85 

l , 0 


VaUio in 
Wat or. 


'i [m 

0.37 


\i).\3 
\i if* 


UMMOTLLAriON 



i in 

j tiriiioH. 

; Oilionlutoii 
; \ iibir in Walor, 

Mr-* 4 , . , . 

Plitllioto* 

ilfiiTi ir'aloruiiotof iifoi iifatnfof ointtt*'ih 

i 2745 i 

1 200 0 

; 112 0 

m\ 24 

; 41 fi$ 

1 2 .lit 

of botiib 

III Wlltrf bv sUfr* 1 li'nt 

4\m.n 

< n$.45 

154.7 

roiiltKi'TtuxH roll 

TtIK KEAUINUH 



'I’hi* furrrcliunH to apjilicil to lh«*nii<iiiu‘tric n‘ji(Un(!?», 
iH'HiilfH iii«‘ tu thi' thiTiiiitiitfffr ifHi'If, an* of variotw kimlH, 

Hiul natiimlly vary with the kiiul «>f ralttriu«‘t«T (!.•«•(!. Sotiu*, 
luiwfvrr, am- cinmaKaa ti) aill. 

'rhr nhitivf to hfaliiiK ntitl ructliiiK coiiwriw all 

aihtntiH'lfix F.'tvrr aiiul i^illM’rtiinnii iitaialt* thin rcarrfctioii with 
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a coefficient previously detcrnuned, om'C' for a!!, by n wricH 
of experiments. For example, the (tcK'flicietif that they found 
for their calorimeter (±0.0020225) r('[)r(>H<‘nts the iiiJIueiiee i)f 
the external temperature through the (uivelojK! ami piii-kinga 
for one minute and one degree. 

Instead of a coefficient of eorn'ction llnw detenniniHl, n 
system of correction devised by Ih'gnault and Ffatituller is pref- 
erable. This system is superior to tlu! preee<!ing, lus it allows 
consideration of all external condilioim at tla* time of (iu* exiaa'i- 
ment. It is evident, for example, that the evaporatittn of a liipiid 
may vary in such proportions that a fixed ('(H'ffieit'nt will not nlw nyn 
represent it. 

The system of Regnault and Pfaundler <loeH not jhhhI prindoiw 
experiments nor a determined (anffileient . ll. reata on ubwrvii- 
tions of the thermometer immem>d in the bath a few niinuteH 
before and after the experiment, or at the tiiiasM when external 
influence is at its minimum or maximum. Knowing tiu’ value 
of these two kinds of influence, it is easy to ealeulate it for the ttlnth' 
duration of the test. 

It is well to continue the obwsrvations l»efore eoinbustion 
for some five minutes. Tlicsci five minutes should Is* preceded 
by at least ten minutes’ imnumion of the eoinbusUon ehands'i' 
with the agitator, so as to establish e<iuilibrimn of temixTiituiv 
between the cylinder and the water. 

Suppose the initial correction corn'siKmding to tlw first 
period to be zero — which is rare, it is tna*, but simplifies the 
demonstration — and that the ol>servation« have given the fi»l- 


lowing data: 

Initial temperature of bath ^ IH , .pit)** 

After 1 minute 


2f).rel0 
20 imt 
20. OHO 
20. f 170 
20.005 
20.055 
20.0.10 
20. two 
20.0‘.a) 
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The combustion once commenced is continued until after 
the fourth minute and ends between the fourth and fifth minutes, 
but the equilibrium of temperature between the bath and the 
combustion-chamber is not established until the eighth minute, 
the time when the variation due to difference between them has 
become n'gular (0.010 deg. per minuUO. 

A table of corrections is formed as follows: 

18.400° 


Lst minute. . . 

10.700 

Mean 10.080° 

DiJffcrcncc 0.620 

2d 

20.r)40 

20.120 

1.660 

:kl 

20.670 

20.605 

2.145 

4th 

20.680 

20.675 

2.215 

f)th 

20.67() 

20.678 

2.218 

6th 

20.665 



7th 

20,6.55 



8th 

20.640 



tlth 

20.630 



10th 

20.620 




The total ('U'vation of tranperature is 

2O.(i7(5-lK.4{i0- 2.216°, 
and the correction is 

20.t570— 20.620 0.0r>t»° for five* minutes, 
or 0.011° for one minute. 

Then 

2.216 : 0.0110.620 : O.tKKtl 

2.216 : 0.011 1.660 : O.IKlHli 

2.216 ; 0.011 ^ 2. M.') : 0.0107 

2.216 ; 0.011^ 2.2ir> : 0.0110 

2.216 : 0.011^ 2.21H : O.OUO 

Total 0. 0*141 

There is then 0.0-141 deg. to In* milled to the difference, 2.216 
<leg., increatiing it to 2.260 deg., which is the corweted tlifferenw' 
of the bath temjKTuture, from which the heat of combustion of 
the substuiicc burned in the calorimeter is calculated. 
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Regnault and Pfaundler’s fonmila is 

Atn — Ato+K (tn — to) ; 

in which Ain = ascertained variation of U'lniH'rafurt' from fhr 

ingand cooling of the ealorimeferforoitc niimde; 
A<o= variation at the beginning; 
in — <0 = loss or gain during the total time of tho U*st; 
n= number of minutes of Uist. 

Using the above numbers, 


It will suffice, then, to find the total loss or gain to take {hi> 
sum of all the gains or losses calculat'd by means of the <'cs'f- 
ficient K during the whole time of the exiHsriment. 

Thus, 

0.620 X 0.00496 - 0.0031®, 

1.660 X0.00496 - 0.0083“, 

and so on. 

For the full and exact method of correction devimHl fiy 
Pfaundler, see vol. ix., p. 113 et 8$q. of tlH< Annnim dtr Chtime 
und Physik. 

The method of calculating the heat of combustion of a fuel 
from the results of the calorimeter exptsriment is explaima} in 
detail in the several chapters wliich follow. 



OIIAPTFJl III 


CALORIMETERS WITH CONSTANT PRESSURE 

The imi c.alorinu^ters were of conetant presBure; that is, 
the coiiihuHtion wan (‘arriecl on at the atmospheric pressure or 
very n<‘ar it., and did not vary from the tx^jiiinning to the end 
of the (‘xpcaiment, Ihmcx* th(^ modifications in the volume 
of the gas(‘s Ixdore and after combustion exerciscxl no infiu- 
(xice on th(^ obst*rvtHl n^sults. 

Ilumford, irii 1814, was tlie first wlio tri(‘d to correct external 
infliKmces. He emidoycal a. pra(‘ti(*al method which has oftcui 
been umxl since, consisting in giving th(‘ calorinudiT bath a tcan- 
ptTature in tlu^ In^ginning of th(‘ t(‘si Ic'hh than that of tlu' room, 
and allowing it at- ttu' {*los(» to attain a tem|)(‘ratvun'. in the same 
proi)ortion abov(' that of the room. His calorinudrie apparatus 
was (‘omposed of a (‘opp(*r l>oil(*r seviTul litres capacity, heated 
by an intiaior tub(! through which passcxl the gaseous products 
of tlui combustion, llie combustiblt‘ was burned in a little Imr- 
nc*r placxxl und(‘r tlie boilm*, and th(‘ air usial circulntt*d around 
iUv hvnivY bi^ort^ passing to the bunu'r, thus preventing any loss 

lH‘at by nniiatiom 

Duhmg in IHIiH uscxl oxygim, and obtain(‘d much aufXTior 
resullH. His (‘alorimeier coimisttHi of a rectangular copiXT Imx, 
25 cimiimetr(*s (about 10 in.) dc*ep, 7.5 ctmtimeters (2.9 in.) wide, 
aiiil 10 centimetc‘rs (2.9 in.) long. It was closial at tlu* U|'Hht 
part by a cover with n mercury scab Tlit^ oxygen passeil into tla^ 
cfilciriiuet<*r by a eoftper tube o|Haufig into one of the sides of the 
box itciir the bo! tom. The gases of coinbusttoii were drawn 
into a gnsdiolder. The apparatus was iuicIosihI in aiaitlier 
recd.iinguliir box, in wliieii was put 'll litres (9l t|iiiirts) of water* 
lilts WHS thi^ ciilorimetric cylinder. Tlie watt*r was kept in Uiotioii 
by an ngiiafor. 

Tlie unit, (diosiai liy Dulorig was 1 gram of water whose tem- 
1'ieriit.iire %vm raised 1 t.leg. Likt^ Hurnford, he corrected t.he tem- 
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perature observed, but he also noticed that t.his corrt'cf ion wan 
correct only, when the first period was equal to tht! st'cond. I he 
results obtained by Dulong in 1838 were not published till after 
his death, in 1843. For hydrogen and carbonii” oxide they are 
but slightly different from the most modern (hiterminations. 

f 

CALOEIMETEB OF PAVKB AND SIIAIKIIMANN 

In 1852 Favre and Silbcrmann published t heir first reseandies 
on the quantities of heat generated by clieinieal aetion and 
described their calorimeter. 

All rapid-combustion calorim(!ters and all with eonstntd 
pressure intended for solid bodies are. eopital ition' or less after 
that of Favre and Silbcrmann. The principle and nuule 
execution in their general lines are the siutuq the fonn in some 
details and the material ontployetl for the combus(ion-ehntitl«'r 
have been modified more or less; but. the getiend appnrat ii-s 
and accessories, as well as tho method, have retiuiined ns l-'avre 
and Silbcrmann left them. 

The Favre and Silbcrmann calorimeter is co!uim»wh 1 (»f three 
concentric copper cylinders (Pig. 2, B, C, />). Cylitaler B is 
the calorimeter cylinder; it is silver-plahHl and jxilished i»n the 
inner surface so as to lessen its I'initling jxtwer; its eapneity is 
little over 2 litres (3J pints), being 20 ceatitiH'trtw (alamt K in.) 
high and 12 centimetres (4j in.) in <liaine*ter. In tho middle is 
placed the combustion-chamber A (Figs. 2 and 3). 

The combustion-chamber is of burnished gilt eopisT, and 
is shown in Fig. 3. It is a slightly conii’al venw'l, the huge 
opening in which receives a stopfxsr from which in sns{)fndtil the 
burner made of a material suitable to that of tin* std»slHnif 
operated on. The stopper itself carrits two IuIh's, m and n, tlie 
first being ^ obsmration tube for the eomhuHtioti. tthicl» is 
surmounted by a mirror M, to allow examination dtiritig the 
burning. The mirror receives light by the tuU* w, whicli is 
closed by an atharmanous system of quariz, alimi, and gljw, 
The other tube, n, carries the jot for the oxygen, 'rnlie h is 
closed, or removed during the test with coal, m it is then of no 
Tube c serves as the exit for the waste gases of the eornhiw- 
tion, which pass through the coil cc (Pig. 2) Is'fore rt‘ttrhing the 
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analytical apparatxis. TIub coil is sufficient to cool the gas to 
the teinpcraturc of the l)ath. 

It is impossible to prevent the generation of more or less 
hydrocarbons and carbon monoxide. The w(nght of the hydrogen 
and (^arl)0!i is dc'-tca’iniiHul by ciausing the gas(U)us products of com- 
b\istion t.o pass through an organic analysis tubC; after removing 
th(^. wat.(T and carbon dioxide. For this purpose the exit-tube c 



Fici. 2. Fio. 3. 

Fiivrt^ fuui HillxTinnnn 


(Fig, 3) is coniKHdiHl by a rublHT tulm witli a Lkd>ig apparatus, 
followed by a U-tubc* oi scHliidinH^ 

I1ie gns-eurrfmt> laing riitlu^r rapith hu al>sori>titm appiiriitUH 
inuHi \m usedj large and pow'tTful emough to etanphdely free the 
gii« from t-l«» c»arl»on dioxidt* and wuttT ladt^re it wielies the red- 
hot copper oxide. Hiin is done by passing the gaa^s through 
iiiiotlaa’ U-ltibi* HinalliT than the prca*eding, and wlaxse weight 
sliould vary only a ftnv inilligrams. The gas<^ thus fnaal jnm to 
the tube of hot roptM,a' tmide, when^ tla* etaubiistible giwa art* 
|jurii«»d to wat4‘r and earbon dioxidt% wliieh are eolleeted and 
weigltta.1 m iisiiid. 
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The coal for the experiment must be in piece's; if in penveler. 
the combustion is more difficult, unhurned gnse's cHcnpiiiK in 
considerable quantities, so that it is ran' to obtain a coniplete 
combustion, and the cinders almost invariably contain sinall 
quantities of coke. To determine these', the' e-apsuh' nnel tnh' are' 
withdrawn from the combustion-chambe'r, elrie'el an<l we-ighe'e!, 'riu' 
coke and the httle soot on the sidees of tlu' e-ajesule' are' bui'tie'el off 
by calcination in the air and a new weighing made', jrivinp; thee 
weight of the carbon and cinde'r—r'leme'nts whie'h iiiuat be cem- 
sidered in the corrections. From half a gram to a gram of eeail 
may be used. 

When the combustion-diamber containing the* we'ighe'ei sub- 
stance is put into the calorimeter all the* parts etf the apparatus 
are connected by rubber joints and te'ste'el. A slem- curicnl etf 
oxygen * from a gas-holder is pjisse'el threnigh the n|»pntiitus. 
The combustible is ignited by a fc'w milligrams of burning clmrconl, 
the joint in the tube being broken feer the moment, iiml imme- 
diately without stopping the flow of oxyge'ti. 'fhe! littlie glass M 
allows inspection of the combustion, the irifensity of whie'h can 
be regulated by the flow of oxygen from the gas-hohh'r. 'Hw' 
temperature shown by the thermometer is n'e'orded ejieh minute 
to obtain the data necessary for the eom'ction sjxrke'n of aUive 
(pages 13 et seq.). 

To calculate the heat-units dcvelopt'd by the e'otnbustion 
the following elements arc needed; 

1. Weight of the comhustihlo uwal; 

2. Weight of the carbon remaining in the einilers unburnet! 
or as black; 

3. Weight of the cinders; 

4. Weight of hydrogen escaped unburnwl; 

5. Weight of carbon escaped unlmrnecl in the ga«*ou» prialtirls; 

6. Elevation of temperature of calorimeter hath; 

7. Correction for heating and cooling cnusetl by esteriml 
influence on the calorimeter cylinder. 


Topreparetheoxygenacopr)erfla«ik«tonelitrec«,«i,'«>MMi*,.ii.,i,w»,t.H 

.s placed some chlorate of potash, which hi hciUct t.y « 
gaseoiM curreat k very regular, except towards tin- ci,d. wtoi, ,» ,ms 
toultuo^ The aton of a smaU pwwntoge of l.kck ..«ilc »f n,s..|c, w «. 
promotes the regularity of the gas generation. ’"“ssw' « 
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Tho combuHtimi of coal by this moans is rarely com- 
plct(S tlu'r(^ remain variabk; (piantitios of cok(^ mixed with the 
cirulc'rs lormcd. An unc('t'<ainty attends th(‘ calorimetric value 
according as ih(^ cotnhustion was slow or rapid, since this small 
(luantity of coke coidains mort^ or less hydrocarl )ons. These 
diflenmccH, however, apply within very close' limits, so that no 
fear tuH'd be cnU'rtained of large* errors the-refrean. Whe'n a coal, 
in pie'e-e's, has be'eai burneel, the're' remains in the- e-apsule. only a 
few millignims of eueke^ e)r uuburne'el e-arbon. Frenn this we caI- 
e-ulate^ the* e-idejrinu't rie; value' in caleerie's, using Kt)K() as the coef- 
fie'iemt (he'at. of ('e)mbuHlion of ediare'e)al ae'C!e)reling to l'’avre and 
Hilbe'rmann): anel in using that. e'e«'llie'ie'nt the hyelre)gen whie-h 
Jiiay e'xist iii the', ceeke* is naturally ne'gle'e-te'el, but this e'sinnot l)e 
prevente'el. The^ carbon and hyelre)g('n of tlu' ceimbustible gase^s 
whie'h ('HC'aiH'el (a)tid)ust.ion are! t ransfeu'mc'el into wate^r and car- 
bem elietxiele', and weigheid jis sue'h. 'riie hydreige'H is calculated as 
in tlu5 frex! state' (cexdlieueut 34,5tK)) and the* carl!e)n as (*arbon 
me)noxide (e'eK'flicie'iit 2431)). 

It is e'viele'nt that t.he’se are! eaily nppre)xinmtions, since tho 
hydroge'U is ne)t elise'tigage'el in a fre'e state', but. ns a hydrocarbon; 
nnel its ceK'fiicie'nt (34,r)tM)) shenilel 1 h* tliminishe'd by the he'at of 
formation of this cennpeamel, e)r, in edher we)rds, by the hc*at of 
cemdmstiein of hyelretge'ii and e-arbem. This corre'e'tion, however, 
is not possible!; for ne'itlu*r the* e'eanpewitie)!! nor state! of molec- 
ular comle'tisiitiem e)f sue-h hyelres-arbon is kne)wn. The same 
diff«!ulty exists as re'garels the carbem, anel its lu'at of combina- 
tion in the* e!arbon com{«nmel. Tlu're are, then, some uncertain- 
ties, but not of much imiwrtance*, in the ele'termination of the 
heat of combustie)n of fuels. Tlu'se- une'e'rtutntie*s the use! of the* 
calorienetric Ixeml) luis entire'ly eiveaele'el. 

AnKXWKW’s e'AUOIUMCTKB 

The' apparfitus use'el by Ale'xe'je-w wees e>ompose!el of a glass 
ceanbustieen-e'handH'r A (Fig. 4), in which he burned the emiil 
previeiusly reeiue'e'el te) fnigine'nta. 'i'he'si! fragments wort! pUw'e'd 
on !i pliit ilium grating in the* e'e*nfe'r of the! clnunlx'r. The fued was 
kindlt'tl by me'fUis eef a phitimun spetnge phu'e'el over it, on which 
impitige'el a je't eef liydreege'ti frenn the- gas-heddeT M, ope!ning at C, 
e'terri'e'tietn fe»r whie-li is, e»f e'emrse*, nmde* in the cede'uhition. Tire 
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grating containing the fuel was susix>iKle<l from the ghwH nnl « 
L soon as the combustion wa. started the .-urrent -f lLV-lnw; . 
was cut off by the cock I, and the oxyg(‘u allowed to ^U>^^ m 

thnmgh b, the waste gas**» pnssmg 
out through the eoil. If the eoiu- 
bustion was ititernipted. it was re- 
kindled by the hytlmg<*n and pla- 
tinum sponge. 'I'he hytlntgeti uw-i! 
wa.s calculated in grains and multi- 
plied by IM/itK). 'Hie numl«*r of 
calorics thus obtained was ilethietinl 
from that euleulatetl from the riw 
in temperat uif of the bat h. Accord- 
ing to Ahixejew, the ini}M>rfanee of 
this corriH'tion never exi-iaaled one- 
half of one {ler eeiif , and he never 
had to rekindle tlie fu«*l. 

Alcsi'jew did not tletermine the 
unhurned gases, lus exjS'Hema' 
showed they ntwer exetsaUal O.Ufi 
per cent. It is imjHissibhs however, 
to determine tia> hydrogen of the 
hydrcKJurlKJiis if rlesired, ns thiw* 
would be mixed with the hydrogtsn useil for kindling, part of 
which may, escape combustion. The kindling with hyrimgen 
might, however, be replaced by that with earhon, as in the Favre 
’ ‘“ “'■ann apparatus. 



,- '.4 mCHEll’e CAUlHIMKTKIt 

Mschei 'made a combustion-chamlier of silver O.Mtl fine, 
so that it would bo less easily atta<;k»>d l>y sulphur, from wltjeii 
the gaseous; products of coal are nearly fna'. He drew off the 
%aste gases at the bottom of the apfiaratus (Fig. 5), thus avoiding 
the inconvenience of oxit-tul)e8 in the cover of flu* eombu**tion- 
chamber. The cooling coil was roplae.ed by a flattrin'd pus* of 
a certain size. A represents the combust ioii-ctiamtsT, 'llte 
oxygen, purified by passing over potash and then driisl, ariivctl 
by the tube a fastened in the tube of the cover by a riihls*r ioint, 
and passed by means of the platinum tuls* r into a mnihle s 
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of the Banie itieial, eoiitaininp; 1 grain of the fuel The crucible 
was covcnxHl by a grating, whii^h b(‘(xun('. nal-hot towards the end 
of the o|)('rati()n. This was inteiukul to 
burn tht‘ waste gasc's, and the bla(‘k 
deposited at th(^ bc^ginning. The gases 
flowcnl out at /, and a,ft(‘r having (UKuhvlcal 
th(‘ outHi(l(‘ of th(‘ erucihle (waped at 6. 

The tlu‘rnionu‘t('r / sho\v(*d whether the 
t4anp(‘ratur(' of the gases was the same 
as tliat of t]u‘ hath. 

eah)rinudri(‘. batb eontaincal IHOO 
grains (3.3 lb.) of water, and was pro- 
tca‘t<‘d against, (‘xtt'rnal inlhaaiees by a 
wood (‘asing, whih* the spae(‘ V was 
fillixl with glass wocd; Imt this is not 
iHHH'Hsnry. n is a. lirass cover whi(*h may 
bc‘ dispcatstKl with. T\u^ thennomtder 
T is the ealorinudrie t!ua*nioin<*t(‘r; m 
is an agitator movcal liy thc‘ string o. 

'riu* valuc‘ in vvatta' of thc‘ (‘alorinuder 
UHC‘d by Idsehc'f was 1 13.5 ealorii*s. Thc^ 
coal was dritsl in nitn^gmi. 'Ihi* carbon 
di(»xidc* and the unburiaai carbon were 
dekTinintHi, 







ailOMHKN H eALOIilMKTKE 


%««l3 ^ 

31iomsi*n s calorinudcr was designed especially of 

giiscH and vapors. It is not adnptetl to tests of soEDfue^ 
eonsistrd (log. ib of a I’nloriiucdrie l>alh of thin vmi 

ei'ipiicity of some 3 liln*s (Ih5 eu.in,), protecteil f n ^^ iulySioiS: 
by it eylimlritad ebonite iaivelo|H' ami a platinum ba^^n of halR 
fi litre (32.5 eu.in.) eapneity, in whicli tlie burnec^" 

Thesi' were ikhviaxal tiirougb the o|Kaniig at tlie 

The waste giisi^s pasi^ai off through a coih and imfiichanieiil 
iigiiiiior kept the water in camilntion. 

The dried gas miis tlelivertnl with fK^rfeet regiiliilrilBP from a 
mercury giis-holder, siiflicient air or oxygen being iiddcal to nmder 
it frt*e«biirtii{tg, mid taioiigh oxygen was siippltial to insure {lerfect 
eiitiihiistioii. Hiis %viis ii! tinned by iilwiiys hiivirig 40 to 50 js^r 
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cent oxygen in the waste gases. 'I'he gJis(‘S passed olT through 

a carbon dioxide absorbing apparatus. 

To reduce to the ininiimun, or entirely .suppress, ttu* eor- 
rection for temperature Thomsen regulated his ga.s tlow .s<. th.nt 

the temperature wa.s as mueit higher 
than the air at tlie ehtse of the 
experiment as it was lower at I lie 
Ix'ginning. This he easily did b,v 
means of his hydrogen su|»pl.v. If a 
liquid was tested, it wa.s vsiporized 
and burnetl in a .‘•jM-einUy devised 
burner which allowed eoinplete eoiu- 
hustiou of almost all eoiii|Kiua*ls 
not having too high a boiling-point . 
If t(K> higli for heat vajatriisation, 
they were carried along liy n current 
of air, oxygen, or hydr*tgen, as seemed 
iK'St. 

T1h« water of the enloriineter 
being weighed, the lower portion 
was closed with a rubber stopjK'r and by meatts of an aspirator 
a pressure of 8 to 12 in. of watcT was put on the apjwmtiis lt» 
test the joints. When ready, the lem{HTuture of the bath and the 
air was noted for some, minutes, the gH.s»lKild<‘r retniing taken, 
the burner placed in position, and the test e«»nin!enee«l. The 
depression produced liy the jispirator wits nhotit n I in during 
the whole test. The regularity of the working was shtiwn by a 
gauge registering the pressure. When the tetn|H*taft«e hml 
reached the desired point the gas was shut off, the burner renuu cii, 
and the opening again clostKl. The aspirnlor was trseil f»t draw 
dry air, freed from CO 3 , through the apjmratus to instire reinin al 
of all waste gases. The apparatus was then allowed to )«.•.}, 
taking the temperature at short intervals for llfteen nunulea. 
All the data required were then avaUablo. 

CABPENTEB’a CAU)KlMErr4l 

Prof. R. C. Carpenter deviaxl a ealoriiinder estH-riidty fur 
coal determinations, which is a modifleation nr esfennon of 
Thomsen’s. 
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Fig. 7 in a HtM-tiotuil view of his apparatus. It consists of 
a (‘oitihustion-eylituka', 15, with a reniovabk^ bottom, 17, through 
which paHH(‘s tlu^ tubt', 23, t.o supply oxygen, and also tlie wires, 
2() and 27, to furnish 


(‘Ie<‘lri(‘ity for the ig- 
nit(‘r. It also supports 
the asb(‘HtoH eombus- 
tion-dishc‘H, 22, us(‘d for 
Imkling tlu‘ fut*l. At 
its top is a. silvt'r mir- 
ror, 3H, to d(‘tk‘et the 
h(*at. Thi‘ plugin made 
of alternate* layc‘rH of 
asl and vtilentute*. 
d1u* imHluc*tH of (*om« 
bust ion passofT thrtaigli 
tlic* Hplrid tubt% 2H, 2!!, 
3d, 3I, which is (*on- 
nected witli the* small 
<*hamlH*r, 39, at tach<*d 
to the* outer case of 
the instrument. 31 uh 
ehamber has a pn‘H- 
sure»gmige% 'Id, and a 
sniatt pinhole tnUlet, 4L 
Outside the cliiunber is 
the cjihahnetric Imth, 
I, which is eonnecliHl 
with an c»|Mii glass 
giitlge, d, Id. Above 
lilt* wilier 1 ?^ a ilia- 
pliritgiii, 12, m«*d to 
ildjlist I hr* level 

Tilt* riilt»riiiirfi'r has 
nil miter iiirkel-plntefl 
CltHI*, 0!i tlii* 



Fai. C’lileriiiieter. 


oiitsidt*, I1ie bath holds itlHiut- 5 ih. <4 watiiv anil uses iihoiii 


2 griiiiis of coni a! a tiiiie. It is thus eoiistdend»ly larger 


lliiiti file Isintti, mid the elinrgf* lw*ing larger the time roiwiiiied 
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by the test is longer, being some ton niimhos for ouch gram 
burned. The entire outside diinensions of thc^ oaso art' R-i in. 
high and 6 in. diameter. 

In using the apparatus the coal is ground tu a powdc'r in a 
mill or mortar. The asbestos cup is heatcHl to burn tifT all organic 
matter and weighed. The sample is tluai phu'cd in it, aiul the 
whole weighed again. This gives the w<ight <jf th<‘ coal ximnl 
Cup and sample are then placed in tlu‘ (‘ombustion-idmiuhta*, 
the platinum igniting wire raised abov(^ the' (‘oul, and the con* 
nections made with the l)attcry. As soon as tlu' luait gcau'rated 
causes the water to rise in the glass t ulK* tlu' oxyge'ii is turnc'd on. 
Then by pulling down the win's tht' coal is kindli'd. At thiH 
instant the reading on the glass scuh^ must, be takt*n. 

By means of the glassc's 33, 34 aiul 3() tlu' pw^wm of t!ie 
combustion is observed and as soon us it. is tinislu'd tht' Hcak'>»read-* 
ing and the time is noted. The difTt'rcnct^ ht'lwt't'n this sc'iile- 
reading and the one previously made is the ** actual scale- 
reading. 

The correction for radiation is madt^ by alltnviiig tht' ap|«i- 
ratus to stand with the oxygen shut olT for a It'ugtli of time 
equal to that of the comlnistion, atui takiug tlu* scule-n'iuling 
and the time. The difference hetwet'u this anti tlu* **acttial” 
reading is to be added to the ^^actunr’ for tlu* “ corrt'cted 
reading. 

Now, by inspection of the t'alibration-t'urvt' previottsly fire- 
pared, at the point corresfHmding to tlu* t'ta'recttal scale-reading 
will bo found the B.T.U. for the (iuaniily lairiH*d. The iisli 
is determined by weighing the asht'stoH cup aftt'r tlie com- 
bustion. 

The following shows all tht^ calculat ion nt'cclt'd : 


Ornffii. 

Weight of oru('.ihl(! (aHlxsHtOH <'ui)). I 'ifJR 

Weight of crucii)le and eoul 

Weight of cnicil)lo and itsh 1 r»it 7 

Weight of cornhuHtiides I .ifiO 

Weight of ukIi , o 2 !l 7 

Weight of coal j , 747 


1.747 grams X().(K)22()r>*().(M>:jH52 ikhhuI. 



W. TIIOMTSON’S (lALOlUMI'n'IOH, 


First HC!iI('-r('!ulitiK .'} .!)() in.; iinu' 2 hr. 55 rn. 

Bocond HC!il('-r('iuiing H .70 in.; timn 3 hr. 20 m. 

Tiiinl S(‘!il(‘-r('julinf? 1'1 .30 in. ; iinio 3 hr. 45 m. 

“ Actual ’’ scalc'-rendiiiK 14,70- 3.00= 10.80 in. 

Hudiation correction 14.70—14.30- 0.40 in. 

( ’orrc'cl (>(1 reading 11.20 

On the calilirntion-Hlicct 11.2 correspond.s to 40.25 B.T.ll., 
and 40.25 B.'l’.U. : 0.003852- 12,000 H.'IMI. per pound. 

All air must. 1 h' removed from the water in tlu^ hath. The 
apparatus must work at. a constant pn'ssure, and the pressure 
for which it. is calihrat(‘d. A pn'ssun' of 10 in. of wat('r has V)een 
found satisfactory, ('omplett^ eondtustion is always attained in 
the ashestos (aijrn. 

It will h(! sec'U that the use of IhermonK'terH is obviated, 
and also all <an'rections lint oik'. The apparatus is intended 
for ordinary (>v('ry-da.y work, and will give good eomparativu' 
results when u.sed according to directions, which mu.st lu* implicitly 
follovv<*d. d'lu' amount' of calculation is reduct'd to a minimum, 
and tlieri' art' no deliejile ptirts retiuiring extra cure and adjust- 
ment. Ktir th(' purpo,se intended, it seems an advance over the 
otht'rs previously u.sed, which could nevt'r givt; mort' faint approx- 
imations to correct re.sults. 

w. 'rnoMe.so,N*'H cauhumktku 

W. 'rhompson devised !i eahirimeter in which th(‘ comhus- 
thm is started by a jet of ttxygen, but the waste gases instead of 
passing through a coil inibble up through the water of the calori- 
nu'trie bath. In this iipparatus the uneombined gasta tin* natur- 
ally neglected. (Bee Fig. 8.) It is an apparatus, as the invent<»r 
says, not. intended for seu-ntilie resenrehes, but for handy use of 
meclmnies or “ for popular us<*.’’ 

n is a galvanized-iroti gas-holder containing oxygeii; h, a 
stctjM'CK'k regulating the How of water to this hitlder; tl, stop- 
cock for gas; c, rubber tuls*; /, lev<'l-gauge: (/, pre.ssure-guuge; 
h, iM'll-glass covering the |ilalinum crucible k\ in which the coal 
is burned; I Is a supjsirt of earthenware susis'inled fnmi the Ih* 11- 
glnss by metal springs, and intended to insulate thi' crucible and 
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prevent too quick cooling ; m in n. f^la.ss jar cotitaiiung JKK) gnutts 
(4.4 lb.) of water, fornuufi; tlic caiorlmctric liatli. \\ aler Inun the 

jar m eaiuiot enter the hell h 
while the eoek j is ehi.sed, and 
it is opc'iied only when th(‘ 
pn'ssun' in tin* gas-holder is 
snflieu'iil; ii is a glas,s jar tilled 
with wati'r and snrronmling the 
calorimetrie jar, and p is tlu' 
agitator. 

One gram of fuel is put info 
th(‘ erueilile, and on this is 
plaet'd a snintl cotton wiek 
inipregnatial with hiehroinatc* 
of potash, 'rhis is lighted at 
the in.stani c.f putting into 
the jar, and its eoinlmstion 

aided by the oxygen kindh's the fuel. 

This is an imperfect apparattis, and will give in mo.st eases 
only unsatisfactory results. 

BAIUtUS'S ('ALOHIM KTKH 

The Barrus calorimeter is a inodiiication of the one just 
mentioned. While it requin's eonsi<lerahle <'are in using to 
get correct results, yet it is one of the simph'st and nutsf. inex- 
pensive. 

As described by Mr. Barrus, “ It eonsisls of a glas.s !>enker 
(Fig. 9) 5 in. in diameter and 11 in. high. 'I'he eouihuslion- 
chamber is of special form, and consists of a ghis,s hell hnvisig a 
notched rib around the lower edge and a head just aluivc' the top, 
with a tube projecting a consid(‘ralil(i <Hstniiei‘ nl«<ve the upper 
end. The bell is 2} in. inside diameter, r>| in. high, and the tube 
above is | in. inside diameU^r and extends lK*y<*nd tlu* hell a 
distance of 9 in. Tins basts consists of a eireular plate of hrass 
4 in. in diameter, with thrett flips fastened on tlu* np|HT side for 
holding down the combustion-tdiumlwr. I'he lia.se is isThmited, 
and the under side has three piee.t's of cork attnehed, which sstvi* 
as feet. To the center of the ut)ix>r sidt^ of the plate is attached 
a cup for holding the platinum crueihlt' in which the citnl is huriasl. 
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To i.h(^ up|)(‘r cud of the bell, bon(uxth the head, a hood is attiiched 
made of miv gauzt^., which serves to int(T(‘('pt iiie rising bubbles 
of gas and rc^t.ard tb(‘ir ('scape from 
tli(' watc'r. The (,op of t.he tube is 
fitU'd with a cork, and through this 
is ins('rt(Hl a, small glass tube which 
(‘urric's tlu' oxyg(‘n to the low('r part of 
tlie (‘oml)Ustion"cha,ml)er. This tube 
is movabh' up and down, and to 
some extent, sidc'ways, so as to dir(*ct. 
th(^ curnuit of oxygcm to any part, 
of the crucibh^ and to adjust it to 
a projK^^' distaiu'e from the burning 
eoald’ 

The mt'thod of working it can be 
easily HtHai from tlu' d(‘S<*ription and 
(!Ut. V('ry smoky coals should Ix^ 
mixc'd with a pro{)ortion of non- 
smoking (’oal of known calorific value', 
and wlu'U aidbracite' or cok(‘ is burnexl 
it should be‘ mixt'd with a< small 
peuiion of bituminous (’oal. In Mr. 

BarrusV hands tlu' npparat us has givtm 
very snlisfuctory n-Hults. C!a<.niu<.l(T. 

UAirrLKY AXn .n.'NKUU'H (’ALOIUMKTKH 

Hart ley’s calorimc^tca’ is an apparatus of {‘onstant pn'ssure 
and e’ontinucd combustion. The gas, nuaisurcal by a meter, is 
Imrui'd in a Hunstm burn<*r surrounded by a- cylindrical cop|H'r 
veSHcl lillt'd with watta*, whi(‘h is (xmstantly renmved. Tin* 
flow of liquid is sucli as to n.void imu’h lu'ating aaid sufiicieni 
time is used to ima'casc* tin* t(*m|H'ratun* so as t(j liavc* a good 
llierimutieter olist*rvation. I'hct v(»hmu* c»r weight. (»f the water 
is detc'rmiiicHl and the* tla'rmonu'ttT ri'udings tukeii at. such int(‘r- 
vids as to ol)fain an average. 

Hugo Junkers modificatiem (»f tin.' a|>|)ara.tus n*ndered it 
more exact. It lias lieeii used for some tiint' in (lermany and 
in the United Htates. It is eom|)os('d (Fig. 1(1) of a gas-meteri 
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a, preceded by a very scimitivo regulator h. On lea\ iiig the meter 
the gas passes to a Buiiscm burner c. I'lu' {trtaluels of eomhu.s- 
tion give up their heat to a ealoriiuet rie (ul>e (/, thmugh which 
regularly flows a stream of water. Tin* KunpcTuture of the gases 
is regulated by moans of a thermometer e. In ordt-r to keep the 
flow of water as regular as possible, it flows from tla- supply-tuh' {/ 
into a small reservoir kept at a eonstant level governed by the tube 
h. The water passes through t to tlu' ealurimeter and esenjH's 



at k, running into the glata in which it is nuaistired or weighed. 
The graduated tube I is to cateh the eondenwd water from the 
interior of the calorimeter. The tlu'rmotiieter m show.s thi' held 
of the escaping water, and n that of the wider entering the eido- 
rimeter. 

To calculate the calories genernted during the combust ntn 
proceed as follows: 

Measure the quantity of water which runs through it in otu* 
minute, take the temperature of the two thermoim'ters. iiml nide 
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the flow of The lu^ut of eorribusiion jxa* (‘111)10 mcU^v of 

burned gaa is ot)tained by inultiplying (h(‘ volunu' of watca’ flowing 
pcT minute by tlu‘ diflercauH' of th(‘ t wo txanperaturc's and dividing 
th(' i)rodu(‘t. by the volume of gas bunual pen* minute. 

Thus: 


Volunu^ of wat('r flowing per minuter . . . 902.3 cx\ 

Volunu' of gas burmal pin* minute 2500.0 cc. 

Tcanperature at inh't 13.1® ( •. 

T(anp('ratur(^ at onilvi 27.5® (I 




902.3 X (27.5 --1 3. n 


5190 (‘alori(‘s. 


The gas tesbal has a value of 5190 calorics p(‘r caibic*. meter. 
Himte one calorie (aiuals 3.90cS B.T.lb, and a cubic nuder is 

35.310 cu.ft., multiplying the calorus {Ha* cul)i(5 medta* l)y 
==0.11235 will giv(^ th(‘ IbT.U. p(»r culnc< foot. 

Multiplying, tluai, 


5190X0.1 1235 583.8 H.dMl \)vy cubic foot. 


The abov(‘ examph* consicha’tai tht‘ volume' of thc' watcT. It 
is Homedimes advisable* to considt'r tlu' wtdght. insttaid. The fob 
lowing (‘xamph* illu.strates this: 


Wedght of watt'r ustal during the tissi. . . . 2000 grams. 


Volume of gas burraal. 7,23 liters, 

Tt*m|H*rntun' at inhd. . 1*1.4*^ 

Tmuiwratun' at outhd. . . 30.5® (\ 

Tlmi 


and 


2tKMlX(3ti.5-- 14,4) . 

j (d02 caloncH p(*r cubic metm*, 

0102X0.1 1235 ^M)85.0 li.Tdl pvr culac foot. 


Two cause's of (*rror may occur. It is not cHTtain that the 
combuHtion of the gas in tlu* burner is n'gular; indications by 
giis-riKders are not. always very sun*, tin* start., lacing capricious. 
But them* do not liave mui*li widglit in tin* use of this eolorinitder 
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for industrial purposes, for which it is chiefly designed. The 
results are very near those obtained by other nurihods. Stoli- 
mann, whose competence in such matters is universally rcHJognized, 
says that it gives good results. 

Bueb-Dessau, to prove the calorimeter, burned liydrogcui pre- 
pared by electrical decomposition, and obtaint'd aftc'r cornadionB 
for thermometer and barometer 34,150 calc)ri(‘s p(a' kilograni”- a 
difference of 350 calories from the usual numbc'r, 34,500. 

Prof. Jacobus has determined that then^. is a (‘onstant error 
due to neglect of latent heat of moisture in products of com- 
bustion of —2 per cent in the determinations with this apparatus; 
otherwise it is quite satisfactory. 

LEWIS Thompson's calokimeter. 

Lewis Thompson's calorimeter has l)een used in England for 
some time. It gives only approximate rc'sults, but as thc' c^rrors 
are of the same kind in each case, t.he results ar(‘ (amif)arabh‘, 
and it has been found serviceable in industrial works wIutc^ quick 
and comparative observations are required. 

The apparatus (Fig. 11) is compostnl of a glass calorimet c*r- 
bath H containing water, a copper cylinder E in whi(4i a mixture* 
of coal and potassium chlorate is placed, and surmoimriHl by the 
nitrate of lead fuse F. Enclosing this (cylinder is a bc41 I), Itaving 
a tube C carrying a stop-cock. Tlui cock is (4(med bt*fore putting 
it in position in the water. K is a ck^aner for the tulx^ €, and J 
is a thermometer. 

The fuse is lighted, and the whole quickly put iti tlic* jar of 
water. The mixture of combustiblo and potassium chlorate scicui 
ignites and burns, all the gases generated lading forcanl out nt tlie 
bottom of the bell through the pc^rf orations, atid bubble* up t hrough 
the liquid. After the coml)UBtion is finished the tem|K*riitiirf^ i« 
taken and the heat-units calculated. 

From 8 to 10 parts of oxidizing mixture is rwommimdecl ftir 
one of coal; but if the coal is very rich tliis must Im inereiwcl tci 
11 parts, calculated on the crude coal With pure eojil, cinders 
out, the extreme limits are 11 and 14 parts. It would prcilmbty 
increase the accuracy of the method, if the same quantity of 
oxidizing mixture was employed, whatever the kind of coal iWl, 
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mixing with it ineri. substancos, as silica or ground porcelain, in 
quantitikvs varying wit h i ri(‘hn(‘ss of thc^ coal. 

Scheiirer-Kestrua- tivstod this apparatus very carefully, using 
a great variedly of fiu'ls w'hosc' lu'ats had hcnui pnwiously ascer- 
tained by means of Favn^ and Silbermann’s calorimeter. He 
found sonu^ 15 peu' cemt (U'iicit in the figures, and after correcting 
l)y this amount. th(‘ n'sults varied only a few per ccait from those 
actually obtained. In thirty difierent kinds of coal tested the 
av(‘rage was 1.8 per (‘ent too low. 

The use of this cnlorinuTer requires some skill. Its imper- 


H 
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fec‘t iriHulation r(*(|uin»H prompt n^ading and rapid eomlmstion. 
Care iiiUHt he* takcai tti work at tt‘mperaturc*B v(*ry close to that 
of the* n»oin, as tlie enlorimetih* hath is not protected. The 
pniportions of th(» mixtun* uscal vary, not only with each kiiul of 
coal, hut for (*ach on account of tin* proportions of cinders. 

Flit coals naiuirt* more <ixidiz(*r than h*an coals, as it- is evident an 
increiLHc in cjuantity of eindtrs should rcHpurea- decn*as(^ in oxidim*. 
But in changing the* proptirtions of oxidizer a ccalain difference in 
elevation of t<au|>eratur(* is necc*f^nrily produccal by the heat of 
solution of the Halts IcTt after tlu* eianbustion. These various 
caiups rendc*r its working riitlu*r delicate*, and always imeertmm 


CHAPTER IV 


CALORIMETERS WITH CONSTANT VOLUME 

The results obtained with a caloriirieter of eonstanl. voliuna 
are not exactly the same as those obtaiiK^d witli one of (‘onatant 
pressure; but for solid or liquid substances the is too 

small to consider, since the volume, as well as tliat of tlie water 
produced, is inconsiderable in relation to the volumes of gas 
employed. As regards the correction for contraction and expaiH 
sion of the gases, they also arc inconsiderable. 

The earliest calorimeter of constant volume is tluit of Tlioinas 
Andrews, who in 1848 published results obtaiiunl with a closed 
calorimeter. The calorimeter wjis not appli(‘able to sc^lids or 
liquids; the combustion of the gases was (iondu(d(*d as in a (Hidi- 
ometer, but he did not take all precautions ncHa^Hsary to Im 
certain of complete combustion. Ncvertludess, tlie n'HuIts ob- 
tained for certain gases are remarkaldc, considering the (dtmumtary 
character of his apparatus and working. The combustion of 
solids, on the contrary, gave worthless results. 

The calorimetric bomb of Berthelot and Vi(‘lle Bcems ahki 
to replace advantageously all the other calorimeters as much l;)y 
its convenience as by its cert;ainty of results. 

Since Berthelot and Vicllc’s original form was publishcal mimy 
minor changes have been made in the boml). All the* mock*rii 
workers seem to prefer some modification of this form, in prefer- 
ence to any of the other and older kinds. There are many points 
of superiority possessed by the bomb as regards ease and rapidity 
of working, accuracy, convenience, etc., wliieh liave caused it 
to be universally used. 

ANDREWS^S CALOMMETEB 

In 1848 Andrews published his labors on the heat of com- 
bustion of bodies, and notably on that disengaged l)y caaiibuittioii 
of different gases. He used a calorimeter of constant volume, 
in which the combustion chamber was a copper cylirultT (Fig. 13) 
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weighing 170 griutis ((> ounces), of 380 (*ul)ic ccMitimeters (about 
23| cuhi(‘. inc^h(\s) cuipacity, and capable of r(\sisting tlie pressure 
exen’ted by t.lu^ (‘.oinbustion of the same volume of olefiant gas 
(C 2 II 4 ) with oxygcni. 

At t.lu' ut)p(‘r part-, tlu". (ylinder had a small conical tube closed 
by mc'ans ol a pcu'fect-fitt.ing stopper b. A silver wire a was fixed 
in tliis st-opp(‘r, and to this was soldered a very 
fine platinum wire for igniting the gases by 
a galvariic? curnmt. The niixtim^ of gases 
was prc'parcHl as for eiidionu‘tric umilysis, 

Tlu‘. combustion-chamluT was (afiirc'ly 
Hubnu'rgial in a glass (‘ylinckn* IiIUhI with water, 
of whicli ilu^ temiM‘rattir(‘ was regulatcsl so as 
to coitipensate aiJproximately for the probable 
UHC', ami thus avoid corrta^tions for inllu(*nc(^ 
of (‘xttamal air. This cylinder was put irfio 
anothc^r, also of glaas. A rotary motion impartcal to the 
cylindtT aidcal circulation in th(‘ li(juid during combustion, which 
usually lastcal thirty-fivt* sc^conds. 

Andnnvs also applied his (‘alorinudta* to tlie combustion of 
solids, Imt. judging from tht^ tow results lu^ did not have perfect 
coml>UHti«)n. 'Vhv n^sults obtaincal with somt* of the gasc^s, on tlie 
contrary, arc' (piitc' rc'liabUv, notwithstanding the imjM'rfc'ctions of 
thc^ apparatus. 



•'kj. 13.— AatlnwH’s 
Dalorimctcr. 


CALDHIMETIUO BOMB OF BEHTHELOT AND VIELLE 

Of fill the c’nlorimc'tcn’s kneavn to-day, tlu' (‘alorimetric bornli 
of lierthc'lot is that whieh olTca’s th<‘ most advaiitfigc's. Only oiu* 
op'rator is ncH'dcal; tin* caanbnstion is |M'rfcH’t ; the* gaseoUH prod- 
ucts iichhI not beanalysscHl to determine' tlie eombustible sulistance; 
no weight save that of the* substaiuH' 'ustii is needed; and it is as 
applirable U} solids and li(|uids as to gasc's. 

Wlitle its use re(|uiit'H oxygtii under liigh pressure, this prc's- 
siire (25 atfnoH|>!ieres) may la* readily obtained with a vmnprvmkm^ 
pump, whic’li is easily procnired; and at tlie prem;*nt.' time oxyi^m 
may k*- bouglit Hufliekiitly eompresHt'd for tlu* purpose. Bertheloi 
iitmtes iliiil as mucli as 5 or evem UOM'r cem! of nitrogen is allow- 
able, lait tiiiit tlw' Intb'r limit must not bi' execHiled. 
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Mahler used compressed oxygen, and ol)tained good rcBiilts 
with that bought in the Paris market. Phis gas is furnish(Hl in 
steel tubes and under 120 atmospheres pix'ssure. 1 eylind(‘rs 
contain sulSicient gas to make a large numl)er of ('xpca-imcmts 
before the pressure falls too low, i.e., below 25 aimospluax's. 

Fig. 14 shows the bomb adjustxul ix^ady to plaec^ in tlu‘ ealtn*- 
imoter. Full details of the (‘onslruetion will lu' 
found in Berthelot and Vielle’s treatise', ^iir la 
force des metiers explomves^ vol. 1, p. 245. 

Fig. 18 shows the arrangx'inent ndopt(‘d by 
Berthelot to burn solids, "i'he cylinder (Mg. 15) 
is lined with platinum, and eonstructcal so m to 
resist a pressure of 200 to 300 atmospluax's. It 
is furnished with a tight-fitting head (Fig. 14) 
fastened exteriorly by a piece of stec'l (Mg. Iti), 
clamped on the external fa(*<' of the bond) by a 
screw-clamp (Fig. 17), whi(‘h {lot's not form a 
part of the apparatus as irnna'i'st'd. 

The sealing of the bomb n'sults from tiu' 
adherence of the margin of the iaml HH (Mg, 
18), and the interior of the cylinder, and also betwtxm the* 
platinum of the head and the platinum of the cylinder. Bmiludot 
made the joint tight with a smearing of vaseliru', around tlu' 
opening, being careful not to have a tracer on the insider If no 



Fig. 14. 



bubbles escape on putting it into the calorimotric bath, (lie jointn 

are tight. 

The cover is pierced at the center with a Bntall luih*. in whieli 
is fitted a tube formed of a hollow screw acting as a cdck, and itself 
provided at the upper end with a circular head. TIm- electric 
ignition is produced by a platinum wire B fitting in an <>{K‘ni»g 
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of the removable conicuil covc'.r. This is prepared (Fig. 18) in 
advan(‘ej and is eovtax^d with a layer of gum lai‘. applied in a strong 
alcolK)li(‘. solution. When tlu^ first coat is dry, a second one is put 
on and dricHl in a st.ove. B(u*thel()t. says tliat th(‘ (combination 
of these two coatings, one (‘last-icc and soft, tluc othevr hard and 
l)ritt]e, rccsistiS vtay W(‘ll tlu^ (‘iiormous pn'ssure on the (cone. 
This cent', lightly gr(‘as(Ml, is pul. into t.h(‘ conical opening in the 
bomb cover, aiul scnnvial uj) tight by nunins of a nut. It is well 
to protcect the base of tlie cone by a film of mi(ca. 




An ek'ftric* cnirrent puHstMl thrtuigh K (Fig. IH) itHldens the 
spiral of very tliin inui win* / pliie(*d bcdAVCHm tin* platinum win^ 
imd one of tlie mip|)orfK SS of tlu* eapHule ce containing the sub- 
stance #1. Huh inm wire* soon burns and kindlt*H the* coiiibuHtible. 

Fig. 1!^ gives a generid and complete int(*rnal view. 

The iron Hjiiral is formed of an ircui wire millimeter 
(OdMH in(*h) tliick, rollcnl up on a s|)indle. The* win* may Im..^ 
weighed, or by t^aking tlu* same l(*ngth of wine the saint* weight 
will always be ust*(I. 
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The spiral ,is attached on one side (,o tlu; (^oih', and on tiu! 
other side by means of a platinum wire to th(^ platinum sup- 
porting the fuel, taking care that the iron has no sti-aight por- 
tions. The support of the capsule or platinum-foil Ls them li.xcd 
in the cover, by aid of the screw, arranging it. .so that, tlu* spiral 
is directly over the combustible us('d. Tlu' cover is put. on, 
turning it gently to make th(> conf.ac(, men; piu’b'ct. The nut. is 
tightened and the wire carefully screwed up, always using woorkm 
tongs to prevent injuring the boiiib. 

The form of the bomb is such lus t.o pc^rmit filling the calo- 
rimeter with the smallest possible quant ily of wat ('r -- a necessary 
condition that the temperature, and conseriucmtly the* precisitm, 
attain a high degree. For solids and also for coal Bi'rthelot used 
bombs containing 400 to 600 cubic centimc'ters (24 to 37 cubic 
inches), placed in a calorimeter of 2000 grams (4.4 lb.) of water. 

To determine the heat of combustion of coal, for instance, 
it must be previously reduced to powder in ord(>r to have' a samphs 
whose cinder is known. As all kinds of coal do not burn com- 
pletely in this state, they are formed into pastilles,* whi<-h arc 
weighed and burned. They arc put on a platinum grating or 
foil, placed on the support SS (Fig. IH), ov(>r which and in con- 
tact with it is the iron spiral. At tlu^ instant of lighting a slight 
noise is made, and soon the thennomct.c'r begins to rise, allowing 
that the combustion is proceeding. 

Compressed oxygen may be introduced cither by a pump 
drawing the gas from a holdc'r or by using a compressi‘d-gHS 
cylinder. In both cases the gas is used without drying, if thes 
combustible contains hydrogen in ciuantily enough to saturates 
the gases formed with watc'r produccal by its combustion. But 
if, on the contrary, the combustible has litfl(> or no iiydrogen, 
like wood-charcoal for instance, it is immatc'rial wlu'ther the 
oxygen be dry or not. In this case it is well to um<‘ the oxygen 
moist, or to put a little water in the liomb on the internal walls. 

* We obtain very resisting pastilles or briquottesH from fat coiils by simple 
compression in a pastille or suppository mould such as used by druggists. 
With lean coals, or anthracite, the pastilles are too frialde and l.uni iiieom- 
pletely. This is easily remedied by mixing with a small quantity <.f silk-ato 
of soda solution. Several of them should Im made lU a tirm% fhi» mukw uf 
some being determined to obtain a mean and the others burned in the laimb. 
They may contain about 1 gram of pure exial. 
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By tliis means a conxHJt.ion for heat of vaporization of water 
formed by tlie (X)mbuHtion is obviated. 

Oxygen comprc'ssed to 120 atmosplierc'S is nearly dry. Berthe- 
lot observes: Tlie oxygen is, in short, a(‘.tually or nearly dry, 
and if it contains aciii(x)us vapor tlu'. temsion is reduced to one- 
fourth or one-fifth on account of tlie change' in volume of the gas 
during its passages through tlu^ bomb. It. may be nearly nullified 
l)y the (X)ld productxl at th(' instant of filling the bomb. This 
admitted, we shall ha.ve to account in most, (xanbiistions for the 
evaporation of the water product'd iii tlu' bomb; and this is from 
2 to 3.5 calories in a bomb of Va (al)out ().(> pint), or 5 to 6 
calories in a bennb of (K)0 to 700 cubic c('nt inu‘t(‘rs (37 to 43 cubic 
iiiches), Tlu'se are rather small quantitic's, it is true; but while 
tlu^y can be ncgh'c.ted in industrial tests, tlu'y (xinnot. in rigor- 
ously scientific iiux'sf igaiioim. 'rhis corrc'ction may, however, be 
lunitralized by putting into the bomb 4 or 5 cc. of water, wliich 
sliould be considivnxl in the calculations.^’ 

When (jxygen not pnwiously conq)r('ssixl is used and foreexi 
in by a pump, B(*rtluiot recomnunuhxl passing the gas throiigh 
a large red-hot copper tul)e filkxl with oxidc' of tlie same metal, 
so as to burn any oil whit'h may have Inxm taken from the pump. 

Operation.- At the laboratory of the (’ollt*g(* of Fraru'c the 
succ('Hsive operations art' as follows: 

1. Light th(^ fin' to hcxit tlu' oxygt'n nxl-hot; 

2. Whil(! tlu‘ gas-liohk'r is filling with oxygen, the fuel is dried ; 

3. Weigli ih(' fiui; 

4. Placx' tlie fiu'l in the liomb; 

f). CJrease tin* eov<‘r slightly; tight(*n with tlie screw; 

(L Bt'gin to eompresH tlu' oxygcai by forcing tht' air out with 
a few Btrokes of tlu‘ piston; pump slowly to prevcait heating the 
pump; 

7, (lost^ tlie stoi>coc*k of tlu' i>ump'; brea.k the eonnection 
with ilie bomh, extinguish th(' fiix', and repla(*e tlie liornli on 
its support so ns to ca.rry it- to tlu' enloriim*t(‘r ixiom; 

8. Ikiur the water into tlie ealorimetric hath. 

Till' apparatus is allowed to eome to equililirium, and the 
rimdings of the' t!u'rmomete*r taken for five minutes. The iron 
coil m then hc*at<xl by tlie eh'etrie curnait- from a small bichromate 
battery. It takes fire and kindh's tlu' (‘omlnistible, whieli gener- 
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ally burns without smoko or produciiif]; any carbon motioxiclc, 
as Berthelot has shown.* 

The water condensed from the combustion contains small 
quantities of nitric acid, showing imperfeclly purifu'd gas. 'J'hi.s 
may be determined by titration, if accurate! results art! sought, 
and calculated as 0.227 cedoric per gram of lINOa. 'The cor- 
rection will be very small. A correction for tlu* iron used may 
be made at the rate of 1.65 calories per gram, this l!eing tlu! heat 
of formation of the magnetic oxide. 

With substances containing nitrogen and sulphur, smdi as 
coal, the corrections arc more complicahHl, as a larger tiuanfity 
of nitric acid is formed and the. sulphur forms sulphuric iicid. 
If exactness is sought, it will not he suHicit'ut, to mak<! a volu- 
metric test; the sulphuric acid must b(' determim'd separately. 
Generally, however, this estimation may lx* dispenst'd with, if 
for technical purposes oidy. Wlum, on tlu; contrary, absolutely 
correct figures are desired, both acids must be cojisidert'd. In 
the calculation the nitric acid is rc'ckoiu'd !is 0.227 caloric jx'r 
gram and the sulphuric acid Jis 1.44 caIori<>s per gram. 

But these two corrections are really unimportant, even with 
coal, as it contains usually only al)out 1 iMT cent of nitrogen or 
sulphur. One per cent of nitrogen rt'pn'sents 4| imt <'ent of 
HNOs, or 10 calories; one per wmt of sulphur repn'stmts 3 p<>r 
cent of H 2 SO 4 , or 43 calories,— both quite sundl compared witli 
7000 to 8000 calories. 

Below will be found the details of a complete eombustion 
taken from Berthelot’s work. 

HEAT OF COMBUSTION OF CAItBON 

Wood charcoal, purified by chlorine at nxl heat to rtmjove all 
traces of hydrogen (Pavro and Sillwrmann’s metluKl), is dried 
at 120 to 140 deg. Cent. (248 to 284 deg, Fahr.), tlien weighed 
in a closed tube after cooling in a sulphuric acid d<*siceator. 

* With very fat coals it sometimes happens after a eomlnwtion that the 
platinum shows a black or brown mark, indicatiiiK a slight defKwit of filjiek 
or tar which has escaped combustion. Occasionally, also, » (raw of tar w 
found at the bottom of the bomb. These may to preventwl by using a 
gating or perforated plate instead of the foil. This detail must attended 
to with a new ooaL 
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0.437 gram carbon; (dndc'rs, 0.0028 grain (O.GG per cent); real 
carbon, 0.4342 gram. 


PUKLIMINAUY I’KIUOD 


0 rninuia ...... 

1h( 

2d 

... 17.300° 

... 17.300 
... 17.300 

3(1 minute 

4 th 

... 17.300° 
... 17.300 


(’OMIUIHTION 


Hill rnimiio. . . . . 

Oth 

... 18..50()" 

... 18.782 

71 h minute 

8tli 

... 18.820° 

... 18.818 


S X 1 IlHKQl • K NT Pk I t 1 ( n> 


Uth minute . . . . 
10th 

Uth 

. .. 18.810° 

18.802 

... 18.705 

12(h nunutc^ . . . 

I3(h . . . . 

14th 

... 18.78.5° 
... 18.775 
... 18.708 


Initial co(tling per ininuti', 

A/(, - 0.(K)°. 

Final cooling per minute, 

Ain-- 

Correction for cooling, 

At ^ +0.050°. 

Variation (»f teiniM'ralure, uneorreeli'tl, 

IK.HIH"- 17.300”^- !.43H“. 

Value of eorn'cted tcrnpm'uture, 

l.43H°+0.050"- 

Value in water of tlu* cal(»rimeter (inckiding oxygmi), 
m ' 231)8.4. 

Weight of acid fonn(*d; 

nNt)3*^<5 ee. of 'A-o normal KH()-0.0173 gram. 
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Total heat observed. 

<li = 

Heat of iron coil 

22.41 

Heat of 0.173 HNO 3 , 

3.9r/^= 

Real heat due to the carbon, 

or for one gram, 

3.5329 

0.4342 


3.5592 calorics. 
().()2(i3 ciilorie. 

3.532i) calorics, 
8.13(i5 calorics, 


or per kilogram, 8130.5 calorics, 

or 14,622.3 B.T.U. imt pound. 



CIIAn'ER V 


THE CALORIMETRIC BOMB ADAPTED TO INDUSTRIAL 
USE BY MAHLER 

'Tuk caloriinotric l)oml> of BorUu'Iot coats conai(leral>ly luoro 
than can lx; paid hy an induatrial laboratory, owing to its largo 
amount of platinum. MahU;r n^placcd tho interior platinum of 
tlu; bomh liy an enamel depoaitod on the steel. The description 



giv(*n hy him in his paiMT Ixdore the SocMti d’ Encouragtmeni de 
l*nris, in June, IH!>2, ia as followa: 

'I’he ai)paratuH ia shown in Fig. 20. It ctmaista r'sat'ntially 
of a atcH'I ahell, /f, eapahle of resisting fiO atmosidierea and 22 jH-r 
cent cdongation. 'riiia (puility was carefully ehos('n, not only 
on a(!couut of the pre.ssun^ it must stand, hut. also ns it airls the 
onanuding. Tlu mtdal is very pur(>, containing hut little phos- 
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phorus or sulphur. Tensile strength tests un‘ tlu' liest criterion 
of quality. 

The bomb has a capacity of 054 cc. (40 eu.in.) iit 15 deg. ( 'ent. 
It is gauged with a balance showing 'Immt)- 'I'lie total weight 
is about 4 kilograms (8.8 lb.) with the ae<'e.ssones. * I’he nu'tal 
of the walls is 8 millimcdca-s (about. O.H in.) thick. 

The capacity is greater than Berthelot’s, and has tlu* advan- 
tage of insuring perfect combust ion of earl ion in all cases, du<> to 
a certain excess of oxygen, even wlaai the purity of this gas as 
bought is not quite satisfactory. Ik'sidc's, it is dcsigiu'd to study 
all industrial gases, even those containing a large iH-reentage of 
inert gas; hence it must be able to use a sudieiently larg<‘ (pian- 
tity to generate the required tern pc'rat art'. Tlu* contraction at 
the top aids in enameling. 

The shell is nickeled on tlu; outside*, while int(*rnall.v it has 
a coating of white enamel, n'sisting (*orrosion and oxidizing act ion 
of the combustion.f It does not, howcv«*r, olTt*r r(*sistanc»* to 
the heat, being very thin, and it weighs only about, 20 grams 
(308 grains). 

The bomb is closed by an iron stopiH*r made* t ight by a lead 
washer (P, Fig. 21) and clamiK'd down, 'riiis earri(*H a (*onical- 
seated stop-cock, R, of fine niek(*l— a metal almost unoxidizabh*. 
An electrode well insulated and maching the intr-rior by a {ilat- 
inum wire runs through the stoiiiwr. Fig. 21 sliows most of the 
details. Another platinum wire, also (ix(*(l on the cover, Hupixirt.M 
the platinum disk or foil on which the fu(*l is placed. 

The calorimeter, the noiwtoiuhicting matt*rinl, tlu* suiquirt. for 
the bomb in the water, and the agitator differ in numerous di*taits 
from those of Berthelot, and are much (*hca|H*r. 

The calorimeter is of thin brass, and is (luite largr* on ace-ounf . 
of the size of the combustion-chamber. It contains 22(K) grams 
(4.85 lb.) of water, thus eliminating the caum*8 of error dm* to the 
loss of a few drops by evaporation.J The agitator of Berthelot 

* Slight modifications have fioen made In the dlmetiHioim of tlio tiietiil 
of the bombs made iateiy by Goiaz. 

tProf. W. 0. Atwater finds that the enamel cliitiH off in lime, and f imt 
after about 300 combustions it requires re-enameling. HciuihiI fiw c«>al 
determinations uses one without any inside enamel. 

f Xhe evaporation never exceeds a gram |>er hour. 
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m HupplaiitxMl hy a very simple and gentle cinematic combination 
ealk‘(l a drill movearumt, and which can b('. worked without fatigue. 
Th(^ H(Hir(H5 of (‘l(^(*.tricil.y for ignition is a Trouv6 bichromate 
pik^ {l\ Fig. 20) of 10 volts and 2 amperc^s. 

"Fht^ oxyg(ni uhckI is that furnished by the Conipagnie C<m- 
ttJientnle (rOxygene. This company su|)pli(^B oxygen free from 
('<):», hut containing froiii 5 to 10 p(‘r c('nt 
of nitrog(‘n. This means of supply sim- 
plifu^B the manipulatiori; it also obviates 
tlu^ ini rodiH^tion of gr('as(^, as luippcais with 
oxyg('n coinpn'Hsed by a pump in the lal)0- 
ratory,* 

The cylind(‘rs vary in si5^(‘, and contain 
gas at a ijnwureof 120 a(inoHi)h(‘r(‘s. The 
iiv(a‘ag(‘ cont(‘nt is about 1200 liU^rs (about 
40 eu.ft.) comprtmHl. '^I'hey have a uni- 
ftnan t(^p, and luaici' the co{)per pipe con- 
nc*cting the bomb with tlu' manometer and 
the cylinder, once adjusted, will fit all of 
thcam 

The. m(4hod of working, whi(‘h is simple, 
is as follow^s: 

Weigh 1 gram tlu^ Hulistancc^ to be 
tt*Ht«Hl in tlu* eapHul(\ Fasttai a Bmull 
weiglunl iron wirct (English gauges 20 or 30) 
tu the electrode and to the support of the 
enpHuk\ Ihit the i‘nd in tlui bomb and 

fastcat in tin* (*ov(*r, whieh slumld b<* h(4d in a vise, Piit the 

eonieiil sto|KHH’k in eonnta’tion with the oxygen eylinder, and 
ofien it earefully so as io allow sufruncait (hxygcai to pass in 
for the recfuired pnwun*. (‘Icjst* the* eoek of tlie oxygen 

(*ylindc»r, carefully elost* tlu' e<mienl eoek, and l)reak the cam- 

nta*tioii beiwetai thc^ Inanb and the <^xygen eylindca*. Tile sul)- 
st-iinet-% esjKaaally if eoal, must not Ih^ ten) fine, and the oxygcai 
must* flow in very slowly to avoid blowing any of it from the 
capsule. 

Tlie liomi) thus pn^panal is phuaal in the* ealorimeter, and 
the therrnoiwfter and agitator adjustcal. The prcwaously wcaghed 

* This gfi« m iilm:j l»y pump at tlie works. 
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water, is poured in, agitated a few inimiti's to rc'Ktore e(iuilihriuui 
of temperature, and the o]>s('rvations begun. 

The experimenter notes tlie teniperatun' minute by minute 
for four or five minutes, and (K'terniines the rale of flie iIut- 
moraeter before the eoinbustion. ''I'lien he join.s thi' elect rode.M, 
and the combustion Ix'giiis imim'dialely, aliuusi instantaneously; 
but the transmission of heal, tc) tlie calorimeter takes some 
time. 

The temperature is taken oiu'-half minute after kindling, tluui 
at the end of the minute, then at <*ach minute to (la- lime- when 
the thermometer begins to lower regularly. 'I'his is the maximum. 
The observations are (lontinued for a few minute, s more to a.sei-r- 
tain the rate of fall of l,eini)enifure. 

We now have, all the ek-nu-nts needed for the enleulation, and 
particularly for the single correction nece.s.sary to make under 
the circumstances. This is the correction for lo,ss of heal before 
reaching the maximum temperature, which is quiti- small con- 
sidering the short time and the Iarg(‘ rn.u.ss involvi*d, 

It is not iKicessary to use lla- correctioiiH of Hegtmull and 
Pfaundler with this apparatus. Newton's law of cooling giv«‘s 
sufficiently accurate n-sults, (-ven in rigorous invest igalion.s. 
Special experiments made to determine the rate of cooling nf 
the water in the calorimeter, when the apparalms was set up ns 
usual, showed that the correction may be regaiiled ns following 
a simple law, but between comparatively large hmifs, even under 
a variation of several hundred grams in annmnf «if wafer tiseil. 

The law* is 

1. The decrease in U'm{MTature olwerviHl after the mnxitiium 
represents the loss of heat of the calorimeter iH-fi.re the maximum 
and for a certain minub', with the iHindition that tlie menu tem- 
perature of this minute dtK's not differ more than one degree from 
the maximum. 

2. If the temporatims oonsiclered tliffers more than one degree 
but less than two degna-s from the nmxiniiim, the numl*er leprt- 
senting the rate of decease rliminislied by (t.lMia d.g, will In* the 
correction. 

The two preceding n-marks siiflice in all «!ises with Mahler's 

*It is evident that the rale* muHt Is* Rimtiticil for apjiariiiit.* aoint.lv dif- 
ferent from that used t>y Mahler 
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apparatus. The variation of heat in the first half-minute after 
kindling may also be (;orrectcd by the same law. 

The agitator must be worked continually during the experi- 
ment, care Ixnng taken not to disturb the thermometer. 

Wh(m through, tlui conical valve is opened and then the bomb, 
llie inside is washcul with a little distilled water to collect the acids 
formed. Tlie proportion of acads (airried away by the escaping 
oxygcai at t.he optming may be neglected. The acids are deter- 
mined volumetrically. 

When experimenting with substanc(\s low in hydrogen and 
incapable of furnishing sufruiemt water to form nitric acid, it 
is adviBal)le t.o put a lit.tie water in tiu^ bomb, or hyponitric acid 
would be formcxl. 

All the data Ixing obtained, wc^ procrnal to the (calculation 
of the calorific power' Q, 

1x4. Tij hi) tiu^ tcnnptn'aturc^ of water in calorimeter before ignition 
of fuel; 

maximum ternpe^rature of water in calorimeter after 
ignition of fuci; 

A be tlu' observcHl difTc'rencr^ of temp(^rature = (T 2 — ITi); 

(If the c!orr(H‘tion for cooling; 

Pf th(‘ weight of water in th(‘ ealorimeixT; 

P', the ecjuivalcmt in water of the bomb and acHmsork^s; 

Pf the weight of the* nitric acid, HNOa, formed; 

|/, ilie weight of the iron; 

caloric^ the* herd of formation of 1 gram of nitric acid; 
l.d (aikaioH, the heat of combustion of 1 gram of iron. 

We ih(m him) 


Q - (A+u)(P+F) -- (OMp+lMf), 


In testing coal in this inanncT the small amount of sulphuric 
acid formed will la* ret'koned as iiitric* acid without sc^rious error, 
as it will Ix! vc*ry small Tlie ht*at of the reaction is L44 calories 
|:ier gram of Il 2 B ()4 formed. 

The aliove details a|')|>ly to licjtuds as wcil as solids. Heavy 
liciuids, iucli as the lieavy oils, tars, cic*., are wtiglaai directly 
into th(! capsule; but light, easily va]K)ri»H] li(|uids must be 
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placed in pointed glass bulbs. These an; put into tlu' capsule, 
and just before closing the bomb m'. brokui to allow access of 
the oxygen to the liquid. An almost jx'rfect combustion is ob- 
tained in operating with a great variety of materials, nothing 
but cinders remaining. 

To determine the calorific power of gases tlu' exact content 
of the bomb must be known. It is first filk'd with gas and the 
air-pump reduces the pressure to several millinu'tej's of mercury, 
after which the bomb is again filled with gas, under atmospheric 
pressure and at the laboratory temperaturt^. The bomb may 
then be considered full of pure gjis. 

The method of working with gsises is the same as with wtlids 
or. liquids. The operator must not forgi't the luxal of preventing 
too great dilution with oxygen, as then the mi.xtur<' will cease to 
be combustible. With illuminating giis 5 atmosiilu'res of oxygt'n 
is sufficient, and with producer gas only one-half atmosph<>r<>, as 
shown by the mercury gauge, is needed. 

The gases to be burned are kept in gas-holders over wnt«‘r 
saturated with gas, or over salt water, according to circum- 
stances, and are saturated with aquixms vnix)r wlu'n they enter 
the bomb. From the calorific capacity of tlie differ<*nt. parts is 
obtained that of the whole, the glass and tuianml In'ing omit ted. 


Hpwitic 

Ilimt. 

Soft steel 3945 grams. 3945 X 0 . 1 097 == 432 . 76 

Brass 646 “ 645 X 0.093 « 60,68 

Mercury, platinum, 

and lead 72 “ 72X0.03 2.16 


Sum 486 . 60 grams. 

The coefficient 0.1097 is the one adopted by the Coltep> <if 
France, from Berthelot and Viello’s experimentH, for a steel of 
similar quality. We have given almve (page 12) t he caleuliitionH 
relative to the valuation in water. By a dinset methcKl of mixing 
water of different temperatures Mahler found tho equivalent to 
be 470 and 484, and assumed the mean 481. 

' By the method of burning a body of known oomptwit ion and 
heat of combustion he obtained with naphthalin 9688 calorics 
—within V 2000 of that given by Berthelot (9692). 
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The (^qiiivakuii. in vvai(‘r may also be obtained by burning 1 , 
grain of. known (uimposition and h(‘at of (U)nibustion— naphthalin 
for instance.* We may also, after Berthelot, burn a substance 
of iix(Hl (jorniiosition at two t.rials with diffc^rent weights of water 
in th(^ calorinu^tx'r. Two ecpiationB are thus formed, from which 
tlu’! lu'uL of combustion of tlu^ body used is eliminated, and the 
heat sought olitained. 

In using naphthalin (;are must b(^ taken to weigh it only after 
being gmvtly fusiul in the (‘apsule. It. is so light that if not agglom- 
eratcal some would 1 k‘. blown away by the oxygen. In practice 
th(^ tc‘Ht.H are madc^ rapidly. Tlu^ waUn* cHpiivalent onc^e deder- 
miiUHl may be verified by (‘ombustion of (‘an(‘~sugar (Ci 2 lIiiOu), 
for whic'h B(*rthelot and Vielle found 3961.7 calorics. (Use 2 
grams for a combustion.) 

Examples of Calculations 

Mahl(‘r gives mwt'ral typers of cakmlations from his notes, 
to show tlu^ diflerent circumBtances which may occur. 

Exanii nation of Colza Oil 
Kkancmtary analysis showtal™ 

Per Cent. 


('arbon 77.182 

Ilydrogi'U 11.711 

Oxygem and lutrogmn 11. 107 


100.000 

Weight takmi, I gram, f^alorinuder contained 22(M) grams 
wiiter. ICcpiivaleiit in watcT of bomb, oU\^ 481 grams. Pressure 
of oxygem, 25 atiimspln^n^s. 

Tlie apparntus pnqianHl as above was allowed to rest a few 
mititit4*s In gain ec|uilibnum of t4anjH‘ratare. The temperatures 
were then noted as Im4ow: 


PaKUMiKAUV PEiuea 


0 minute. 10.23^ 

1 “ ............ 10.23 

2 minuteH. 10.24 


3 minutes 10.24® 

4 ........... 10.25 

5 ** ........... 10.25 


♦Tlik finifilifiil met IwhI has the advantagi^ ef iiutcmiatleally elimiaatiag 
mums cif ermr. 



50 


CALORIFIC POWER OF FUELkS 


Eate of variation, 

10.25-10.23 

(jQ _ = 0.004 . 

The electrodes are connected and i.lu! cond)n.s(ion Ix'giiiH. 


Combustion I’kiuod 

5§ minutes 10.80° 7 minules. 13.70° 

6 “ 12.90 8 “ 13.8-1 maxiimnn.’" 


9 minutes 
10 “ 


Pbbiod actub Maximum 

13.82° 12 ininuU‘8 13.70" 

13.81 13 “ 13.78 

13.80 


Eate of variation after maxiumni is 


at 


13.84- 13£8 

"s’ 


= 0 . 012 °. 


The thermometer observations are now stopjK'd. 

The gross variation in temperature was 

13.84-10.25 = 3.50°. 

The corrections are as follows: 

The system lost during th(‘ inimifes (7, H) and (0, 7) a <iuan- 
tity of heat corresponding to 2o/. 


2a,=0.012 X 2 * 0.024°. 

In the half-minute (5.}, 6) it lost 

V2(o<-0.005)«().0()3r)°. 

But during the half-minute (5, 5J) it gained 

V2<io»5:^«().(K)2°. 

*Prof. Jacobus recommendH plotting the tfmjieraturpii and usine, n«! 
the mwomurn, but the one at the instant the cum of wKtling Ik'^jiihu* i 
straight hne. The difference is slight, but imixirtarit in mnu> cumm. 
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Consequently, tlie loss for the minutes (5, 6) is 

0.0035 - 0.002 = 0.0015°. 

Thus that the systx'iu had lost, before reaching the maximum 
Uunperature, 

0.024 +0.0015 = 0.0255, 

which must be added to the 3.59 deg. already found, making the 
variation in U'inp('rature 3.()15 deg., neglecting the 4th decimal. 
The (piantity of lu'at observed, tluai, is 


Q - (22(K)+48 1)3.0 1 5 = 20H 1 X 3.0 1 5 = 9.6918 calorics. 


From this numlx'r must Ixi aul)tracted — 

1. Tlu' heat of formation of the* 0.13 gram 

of UNO;, 0.13 XO. 23 = 0. 0299 

2. Th(* heat, of <“ombustion of 0.025 gram 

of iron win, 0 . 025 X 1 . 0 =0.04 


Total subtraction 


0.0699 


'I'he final result is, then, 

9.09 1 8 - 0.0099 9.02 1 9 calories, 


equivah'ut. to 9,021.9 calories iht kilogram or 17,319.4 B.T.U. per 
pound. 


TKOllNH'An KXAMINATION OK COAL 


The coal taken was a .samph* of Nixon’s coal from Houth Wales. 
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Difference of gross tenapcraturc^ 3 . 140° 

Correction (4, 5) (5, 6) 0.01(>X2 0.032 

Correction (4, 3-|) 0 . (K)5 

Correction (3, 3-|) 0 • (KK) 

Corrected difference of temperutun^ 3.177“ 


Corrected difference of temperutun^ 3.177“ 

or 3.18°. 


Heat disengaged . . 

3.18°. 

3.18 X2.08l--.= 

C'lilDrlfii. 

8.5250 

Iron wire 

0.025. 

0.025X1.0 O.O-I 


Nitric acid 

0.15. 

0.15 X 0.23 = 0.()345 



For one gram 


0.0745 

8.4511 


or 8451.1 for 1 kilogram, equivalent to 15,212 B.T.U. j«>r pound. 


EXAMINATION OF A OAH 

Illuminating gas was cxamimul uiuIit- th{^ following con- 
ditions:* 

Barometric presstire 701 mm. (20.0 in.). 

Tei^ion of aqueous vapor K mm. (0.31 1 in.) 

Temperature of laboratory IK . 5” { ’.(05.3“ b’.). 

Volume of bomb ' OO-lf ee. (30.0 cu.iu.) 

Volume of bomb dry at 0° and 700 mm. 

000 cc. (37 eu.in.) 


fhe capsuk was left in its usual placiJ in the bomb to prevemf 
specks of iron oxido from dropping on the enamel and injuring it . 


—Ye 

Frjlijminary 

Period. 

Combustion. 

After CcimbiiiitImL 

Itromik#. 

Minutes Deg. C. 

0 16.00 

t 16.80 

2 16.60 

3 16.60 

4 16.60 

do -0.00 

Minutes Deg, C, 
4i 10.50 

5 20,00 

6 20.06 

7 20.61 

mMlmum 

MlnutM littfc. (*, 

6 20.01 

9 10. 0# 

10 20,0# 

1 n 20 Of $ . 

12 20 Of 

UflMfli 

Nit fir will 0 tlf> 
Ifiiri wirr 0 Ci2f 


* See Kroeker’s ealorimeter cm imgc* 57, 
t Exactly 653.9 cubic cenlimefere. 
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GroHS (lilT(T<‘nc(^ of tomporature, A 1 .28® 

(.'orrection an uHual, a 0.015 


DilTortuioo, A 4 « 1 . 295® 

Calories. Calories, 

Quantity of heat ob.served, 1.295®. . . 1 . 295 X 2 .681 3.47189 

Heat of UNOs fonuation 0.06 X0.23 ^0.0138 

Heat of iron wire eotuhuHtlon 0.025 X I .6 ^0.04 

“ 0.0538 


Heal of eoinbuHtlon of 606 ee. at 0® and 760 nun 3.41809 

or per cubic meter at 760 mm., 5640, or 633.6. B.T.U. per cubic foot. 


COMIHIHTrON HHING AN AUXILIAUy BHBBTANCE 


HoiHt'tinu'H an im(‘onHiun(Ml rcHidue in left while determining 


the h('at of eomhuHtion of Home (lifheull 
diamond or graphite for iuHtanecb In 
auxiliary in uwal to obtain complete hurni 
moHt eonvtaucmt to ime in naphthalin (('i 
bunt ion of which Is (*xa(»tly known, 9092 <{ 
Tak(' IHdrolcnnn coke, whi(*h is nearlj 
IH mixed with a litth^ napht halin which Inj 
at a low h(‘at and tlam cook'd. After (| 
naphthalin in takem. 

"rhi‘ eokc^ analyTst'd an followa: 

Carbon 

Hydrogt'ii. 

Oxygmi I*. 

Nitrogen 1 % 

Anil. 


burning Hubstances, 
combustible 
of t pS^ mpkb The 
Uh)j taSSjieat of com- 
)ri(‘H, 

?alli('d 3^5i;raphite 
ixHm itoBously n: 

)ling t |p Hvei^t q 

K § 



Tli(^ (liUa ohtiitiHul art' ub follows: 


i 


iUlitn, 

H >er<Jnt. 

• ^ OJaiO; 

■35 

00. 000} 

l', -J 




erclliiilunry ! t'miibuiiiimi. 
Crrliid. 


Mill, 

0 

I 

S 


m * 


tlr-lf, i\ 
li.m 
li 05 

22.04 


-0.001 




After 

Combunllmi. | 

Mill, 

He^, C. 

10 

25 12 

14 

25.05 

Ol 

«»0.0l5 


^ ^markii. 


(Oaiiiii. 

Naphih&Uii ......... 0 014 

Irnii wire 0 025 
Nitric will ......... 0,080 

W’ater of mlortriiifter . 2200 . 
Enuty&l«iit iM water. . 481. 
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Difference of temperature 

Correction for minutes (9, 8), (8, 7), (7, 6) . 

Correction for minute (5H, 6) 

Correction for H minute (5, 5M) 


25.14 -22.04 =3.100® 
0.015X3 =0.045 

= 0.005 
= 0.001 


Corrected temperature difference. 


Total heat developed 3,15° 3.15X2.681 = 

From this subtract 

Heat due to naphthalin 0.034 X 9692 =0.3295 

Heat due to iron wire 0 . 025 X 1 . 6 =0.04 

Heat due to HNOa 0.08 X 0.23 =0.0184 


Heat developed by the combustion of the coke 8.0572 

or 8057.2 per kilogram, or 14,503 B.T.U. per pound. 

When the combustible tested contains hydrogen, it must be 
remembered that, while the gas in the bomb is dry at the begin- 
ning, it is saturated at the close of the experiment. In reality, 
the latent heat of vaporization of the small quantity of water 
necessary to be added is inconsiderable. The mean of several 
tests was 5 in 8500 calories observed, or only V1700. Still, when 
we test gases, which cause less marked difference in temperature 
than solids or liquids, we must to be exact, allow for this heat of 
vaporization. 

It may be asked if any allowance will be made for the heat 
of the electric current at the moment of kindling. The heat 
developed by a current with intensity I and electromotive force 
E is 

C-^t 


t being reckoned in seconds. If t was appreciable, this should 
be considered at least in exact determinations. But, actually, 
t is very small; the contact is hardly established before the iron 
is burned and the contact broken.* 

Mahler cites two successive tests made on the same coal with 
his bomb and with the bomb of the College of France, as fur- 
nishing proof of the accuracy of his method. 

*In exact researches this heat can be easily determined if wished. It 
will be sufficient to measure the electromotive force in volts. Then put 
an ammeter in the line which connects the bomb and kindle the combustible 
as usual. The displacement of the needle shows the intensity of the current 
under the conditions of the test, and also the time during which the circuit 
El 

was closed. The formula t will give the quantity of heat sought. 
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Tlio rc'sults were ohtaijiod: 

Sclicuror-Keatncr 
at the 

of Franco. 

(k)al (punO from Bascoup, B(‘Ij>;ium cS828 

Tlu' calculations may ho nmdtaxHl simpka* ami the observation 
more rapid, still Inanji; (‘xact enouj»;h for industrial us(\s. 

Take tin' (aiuat ion 

Qcr (A+fO(/^+/^0-.(()/2H/H””b .... (1) 

arranging the baatis in ordtu* of ( lu^ corn'ctions 

Qu A(/*d /^ 0 T^d/^+ ... ( 2 ) 

It is clear that th(‘ calculation o£ tla^ caloriimdrit* operation 
reduc(‘H to tlu^ determination of a maximum and to one nuilti- 
|)licat ion if we have 

().23/efl.(i// (3) 

Now from tht^ t(‘sts ma<k‘ w(‘ r(‘adily s('(^ that what(‘ver value 
a may takt\ it inen^astss with th(‘ (luantity of lu'at gcuuTated iji 
the bomb; it is a little^ gr(‘at(T when th(‘ (^xtt'rnal air is wanner 
tlian vvlum it is cook'r a fact which may 1 h^ attribut(‘d to the 
intluence of (*vnp(a*ation on thc^ cooling of th(‘ bath.’^ 

On tht" <dlu‘r hand, th(‘ nitric acid apiH^ars to imu’east' with 
the cfuantity o! hc^at gen(*rat(‘d, and tcaids to ofTsc^t lh(‘ corr(‘ction 
from m In short, // is, within c(‘rtniu limits, at the* c<mtrol of 
the obseiwan*, same* as P\ W v c(msid(*r it thc»n possible' to arrange 
oncc' for all so ns t<» liav<* tlu^ t‘xprt‘ssion (3) Hufiickadly <'lose for 
industrial pur{ioH<*H. 

This can la' dont' with Mahk'rs apparatiis. Thus for oil of 
colm tlie multitilicaticm gavt' tH>25 calories, which is 

within ^scMKi cif tlu' final numbc'r obtained aftc*r all corrcctieam; 
with the Nixoii’n coal wt* found tliat -"'H418 calorics, 

*Thci riipidity of ccKiling in the fipirnffUiw taaplciyed liy Miihlcr wiw, 
ttcetirding to exiii.^nineats, lad' ween lli** and *MP CX 

''f^o-oordr-n), 

tU 

Tn iMsing the tein|M''riitare iit. wdiieh cooling eetsoi. 


Mahler. 

8813 
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which differed 'l-zm froni tl'o corroct. miinher; with coal gas the 
product 2681X1.28-3482 calorics, while' the conveted re'sult was 
3418, or '/240 difference. 

ATWATKU’S {'AI.OKIM KTHU 

Prof. Atwater has coiiside'rahly iiioditicd the hoiiih, so that 
it seems to have somee advantage's for ('asy working. Mg. 22 
givc'rt a S(‘cti<inal vinv uf it in llir (^ulnr- 
imet(a% T1 h‘ usnd i-i tin* .sninn 
that UH(al in ilu* HutthkinH atnl 

having an unui^ually higli tenacity, HncariH 
admimhly fitted for tlu» purpoHe. A rt*p- 
rcBentH the* hoinl>, i* tin* /I, 

tht^ cover, vvhkdi in plneetl on the Iwiinh 
cylindtT and lu‘ld tlown by the Hcrenv- 
cap. ** 'Hu* c(»V(‘r in provided with a 
neck into which fitH a I’yliinlrirnl wrew 
holding anotlui’ wrew F. in\ tlie nidi* 
of the neck in an niuaiure hetwetai 
the lower raid of /> and the nhoulder. 
In I) in a wanhea* of lead, on whudi the 
lower ledgc‘ F fitn. Ily opiaiiiig or 
cloning tlu* Hcnmv F the narrow pawiige 
from z in (»|M‘ned or ehininl. Hie o|ieii- 
ing in UH(*d for iidinifliiig oKygrti at ii 
high prt*min» through a narrow piii^?4iige 
Fig. 22.-— Atwater Borah, to ehargt^ the hotnli. In ti if^ an aperture 

tlwHigh whieli pitm'H file pliifintiiii wire 
H, which is Mpirated from the metal of the cover liy iiif^iilat- 
ing material Hard vulciinir»ial riihluT very %vell for tlii?i 

purpose. Fastened to the side of the ctiver m 

platinum rod, /, kdween whieh and J! nn tdiiiricjd eiiiiitertiiiii m 
made with a vary fine iron wins A seonv-rtng tiolils the siniill 
platinum capula, in which the siihstaiii’i* to h* m 

At KK are biilHMmrings of hard to avoid frir^tinii iii Mcmving 
the cap down/^ 

The larp cylinders N and O nn* iiiiidi* of indtirnled 
and covered with pliit.c*s of vuleiinir4*<l rtihli«.i*.. A ntirtTr m:*rvm 
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for (Kiualiixinp; the temperature of the different portions of water 
after the eombustion is (‘completed.” * 

Th(^ th(^nn()m(U/(U' used was made by Fuest of Berlin, gradu- 
ated to Vioe (U^gree, and can be read with a magnifying-glass 
to Vkhk) degree. 

Th(‘. a,pparatus has been uschI with success in making the 
very numca-oiis dt^Ua’ininations mad(^ by Atwater on the heats 
of coiubusticm of food-products and other allied organic sub- 
Htancc^s. 

khorker’b calorimetek 

Kro(^ker has rec(aitly modificHl the bomb, making two inlet 
channelH instead of oiu^ By this nu'aiis lu^. has a current of 
cixygeu gas liassing in at one opcming and 
wast(i gast^B passing out at otlua*. It 
e,an tluis ho uscul for tlu^ sartu' pur{K>se that 
a Juuk(n* (udorimeter is us(h 1, and it is elainu^d 
witli just. a.s satisfactory i*(\sult.s. 

vTh(t cylintUn' (Fig. 23) is bored out of a 
I)iec<i of Martin sto^l, and luts a (‘los(^ly 
fitting Hcn^w-plug for a cover, the dt^pth of 
the screw joint being 27) min. Thc^ walls 
of th<^ cylinder are. 1(1 mm. thick; external 
diam<‘t(^r, 72 mm.; intc‘rnal dianu'ter, 52 
mm.; height, 120 mm.; contents, 2(K) 

It lias four small Icg^ on the under side, 
which support it and keep it (Uitirely sur- 
roundcul by the wah^r of tlu^ hath. The 
entim surface is enamtied, or prehmihly 
platinbecl Tlu^ fuel, in the form of corn- 
prcmMl cylind(‘m wtngliing onc^ gram, is put 2:i»-^dvnM^kcr 

into the carric^r, ignitcMl as usual, anti the C!iik).riiii€it4*r. 
comlmstion gam^s collcntied and examined. 

Krmicc^r hiul a mtd.hod of htmting tiie calorimeter bomb in 
an oibbath so m to exfHd all tlie waiter of (‘omlmstion and hydration. 
He thus ohtairifHl data for txirrt^ctions dut! to tlm usual method of 
determining the water, i.e., considering the water as condensed. 

* Prof. W» 0. Atwater, in Bulletin No. 21, II. S. Dept, of A©ricuIturo, 
1805, pages 124 and 126. 
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IIEMPEl/fci CALOltIM KTKli 

HempePs calorimei(‘r in io a c'onHich^ral^k^ in (an- 

many and introduces sonio now f(*a(ur(‘s. 

It consists (Fip;. 24) of an iron (ul)(‘ inio which a holltan uhoui 
15 mm. thick and a top about 30 nun. tliick arc^ Hcnnvtal and 
fastened with hard solder. The chainlKU’ capacity is 250 cc. atal 
it will resist a pressure of 2r)atnioHph(a'(»s. It is <‘1 oh<h 1 l^y a la*nd- 
piece (Fig;. 25). This Inis a s(‘rt‘w-valvt‘ a, an insulahal \virt‘ d, 
and a perforated cup e supported by tlu‘ platimnn wirc‘H f f. Tlu^ 




Fin. 2E 


IIcaa|Hd (jtloritncfcr. 


depression g contains rncuaniry and servti^ bir biitfery ciiiitnrl. 
The wire d has a conical cailargcanent a lual is weilgtal itilii 

the opening in tiio iu'atl-picc-. A lentl wnHh(‘r / HtirmtUKiH !}«• 

valve-rod a. 

The coal is crushed to {)owd<T aiul 
cylinders by moans of a sctvw-jnws. 'rids is pul in ihe .-up luid 
ignited by the wins //. Tlio oxygen is siipjili,..! mnler a pressnre 

usually about 15 atrnosplierc^s. 

The apparatus can Im made rtwly in an hour, and the* Pj-i 
generally lasts fifteen minutes. 
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\VA I/ril KR-II KM TKL BOMB 

The Wa.ltlicr-II(‘nip(‘l hoinh is asituill cylinder of 33 cc. capac- 
ity (Fi^. 29), honal out, of whitn cast iron and onainelcMl inside. 
Tile walls an^ 2 nnn. thick, and it is strong 
(aiough t,o r(‘sist, (‘ight- tinu‘S tlu'; pnvssun^ gcai- 
erally ustal. 11i(‘ (‘ovc^r is rastcaual on by nu‘ans 
of a Hcnav-(^lainp, and through it pass(‘s tlu' 
slanting opcaiing a, having tlu^ (‘l(‘ctri(* wire- 
carricT insulati‘d by a rul>b(‘r slu^ath. 'Vo the 
win^ at tlu' (aid of this slu'ath is attachtal a 
platinum wirc^ for kindling th(‘ (‘onibustibh'. On 
tlic‘ op|)osit{* sick* of th(^ cov<‘r is the oxygtui 
tubt^ (I, Thc‘ phitinuin win^ c is attached to 
the undt‘r side' of tlu^ covia% and supiK)rts 
the combustibkM‘arn(T and its little firc‘-(‘Iay 
cyli!uk‘r c, 

The fuel is made into small (‘ylimku’s by 
compreHsitm, put into th(^ OoM'lay cylincku’, and 
ignitcal by th(' (‘k*c'tric spark. d'h(‘ products 
of conubustion an^ (’olkaded and vvcagla^d or 
mc*asured: tlu water partly in tlu^ bomb and 
partly by mc'ans of a. calcium chkaide tulx^; 
tlu» nitric and sulpliuric* acids are ckdermined 2(k— -Walthcr- 

hy titration witli njo n<»rmal alkali, and aftca- H«an|H'I liomtK 
wards sc^paruted if iknajunl ma^essary. This 
luanb is claimed to In* capnbk‘ of \m* tlu* same as a large one*. 
A full description of it- is givcm in tlu^ Ikrlimr Hericht for 
January, 1897. 

WIT7/H (‘AnoUlMKTER 

Aim6 Witz has modifual the ealorinudric* bomb so m to fx^r- 
miti its ust^ for The eudionudric ealorimeter, as lie calk 

it (Fig. 27), cotMSiH of a c*y!inder /I, 3.54 in. high, 2.34 in. 
inside diameter, and (I.OH irn thiek, containing 15.55 eu. in. It has 
two covers, (f, C\ fastencul to the eylinder, luaineticiilly semling 
it by means of an oikal paixT gasked'. The ii|i|x*r one carries 
the spiirk-c'^xcdter c. Hu* lower cover liaa a valve 1), opanng 
info a tdiamber iilxnit 1 in. diamider. By nifaiiw of fJie internal 
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curved surfiice of this cover the cylinder cun l)c* eoniplet.ely emptied 
of gas and filled with mercury. 

To use the bomb it is iWhd with mi'reiiry and the mixture 
of air and comlmstibk* gns int roducHnl by 
means of a conical glaas gaH-huUl(*r. Tlu* gan 
escaping from this forcHVs (mt its bulk of 
mercury, and aftiT th(‘ propca* rc‘adingH it in 
placed in a cak)rim(‘t(‘r vvmd cunfaining 
about a liter of wat('r and I hc‘ gan (‘xphnlcHl 
Professor Witz has obtaimal very gootl 
results with tins at)paratUH and has uschI it 
in many hundred (kdeaminations. 


ICE-CALORIMETERS 

Considerable inttn'esi is attui’hed tc» 
ice-calorimtder. It was thv first kind uh<h1, 
and although its ust^ in hc^nt determinationH 
luis iKHUi displaccul hy tht* mtire rec’cnt forms, 
yet there seems to bo a haukmey on tlu^ part of somt* physieistH 
to return to it. 

Its determinations are Ijamal on the* dilTerence of volume 
between ice and iccvwater. Ont^ gram ivv has a volume of 
1.09082 cc. (BunBon), while I gram of water at tla* hiuih* tem« 
perature has a volume of I.(KK)12 cc. By the mtdtiiig f»f ict* 
using 79.4 gram-calories, a redact icm of 0.tllM)7 cc. in %iiltiiiie 
occurs. Hence 1 calorie is eciuivalent to a rt*duction of 

The first use of the ice-cnk»rimt*ler was l»y \‘ilke, a Hwedisit 
physicist. Following him came Liivaamer lual Lii who, at 

the end of the 18th cemtury, carrical on their vlmniv reHtureltes 
on heat. Hermann, in 18^14, improveil their a|»pariitiis, tiiid l»itsi*d 
his determinations on the change in volume of the ice mid wiit«*r 
instead of on the weight of tlie meltcnl ia*. 

IIBRMANN^B CAI^OIilMETlR 

Hennann’s. apparatus (Fig. 28) consisted of a gliws c*ylirider 
A, having a brass screw at the top. (hi this ivnn fiiitiuied a tirtt»i 
cover, sealing at hermetically. This covit ciirrietl n thin hriii« 



Fig. 27.— Witz’s 
Calorimeter. 
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running; into i,he cylinder. A graduated glass tube C 
1 into the cylinder, thc^ divisions being calil)rated. By 
plunger in tul)e D the water-level 


ljust(Hl at tJu^ (‘oninuniceinent of the 
^ whol(^ apparatus is (‘ludosed in a 
box to pr('V(‘nt. radiation. 
uh(h 1, th(‘ (*ylind(*rH A and B con- 
,nd waten*; E, containing the ther- 
is filUnl with the Bubst-aTice to bo 
'lu^ {>rop(‘r t('nip(U’a,t\in^ is given E, 
piithly put into |)lace and allowed to 
* 0 . 

! ac'iioti of tlu^ lu^it of E part of the 
etl, t lunx^ljy changing tlur volume of 
its of A and the l(‘V(‘l of the water 

(?ALOIitMKTKE 



el devincHl a caIoriiti(‘t(*r in 1847 to 
work on specific lu^at . It dc^jHUuled 


Fia. 28 . — Heramnn 
Ice C’aleriineter. 


xi)anHion t>f tiu' mixture of ice and water. 



uunhkn’h cAummmvAi 

BunwudH calorunett*r improved those of 
his pretltHHssHorH. A glass tulxs a (Fig. 20), 
is fustnl into a cylindrical hulh, 6, to wlnich 
is attached an open l>c*nt tulH% c. At the 
up{K*r caid of this tube is attacht*d a rim top of 
iroipd. "Flu* inner tulH‘ from a to ^ ami the 
containing bulb from ii to X are lilknl with 
air-fref» water. The lower part of tin' appa- 
ratus is filltal to the iron rim witli mercury 
ecMitiiiriing no air. The waiter in ixtlm a it 
frozem and flic ivliole apparatus pliuxal in a 
Ik)X of snow. A graduated tul>e a is 

passcal througli a (airk into f. 

To i:i» tliia calorimeter, tlie snlstanca to 


is lieated and dropixai into a, the opm end being 


ly cl^ed. The clmnge in volume is transmitted and 
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measured by the mercury. The tube a weiglis 40 to 50 graiiiB, 
and about 0.35 gram melts, causing ihe rnercHiry to inovc^ some 
400 divisions. 

SCHULLA AND WAHTHA (’ALOIUMK'i'Kli 

This was described in 1877 in W(‘i(i(‘inann s Atinalvn, lla^y 
placed the calorimeter (Fig. 30) in a nn^tal vesst‘1 J, (*ontaining 

(listilkal waha* imd liaving 
from 2 to 3 nn, of i(*e on t!i(‘ 
sides and bottom. On putting 
th(‘ (*nIorini(‘ter into this V(wel 
tla^ HurfatH* <»f I lie water was 
eov<»nHi with ii*e spieiiles 
vvhi(‘h soon int'lted in tla* 
distilled water. 'Fla* wliolt* 
was lua‘m(*fi{\Hlly seahal with 
a m(4al cover having two 
opcmings for the ealorinietm*- 
ttlhe and the lube leading to 
tin* measuring-apparatus. It 
was then (mcltKsed in a wooden 
box, .sotliat it was surronialed 
by a fhiek layer *4 d'liev 

weighed the nuTcury inst(*a<l of rmatsuring if , In determining 
the heat of comhuHtion of hydrog<*n tlaw xmnl purified tdeelro- 
lytic gas and l)urned it in a siMaaa! lairner. liiv results wen* 
very satisfactory. 



Fig. 30.-— Scbulla and Wartha !<’<' 
Oalorirnotcr. 


Von TIIAN’H (*AnoiU.\lKTKIC 

Von Than made an improvtammt basial on the ffici ihiit the 
melting-point of ice d(H*niiH<*H under pressure. The jioiiii diUii*. 
mined when the iee is under pn*ssure from ii rtitunin of iiniiairy 
is too low, and a comadion must \n* minle. 

His apparatus (1% 31) was liIJo im high. Thv iiiiier vessel, 
Q>f had a capacity of 13,42 cu Jn., ami was ehiseif ii itli n eimiiti’liotif*- 
lined brass ring. This was fast<mtai to anoitii*r vrmvl t|ir 

^Hhermostat/' which was simply a ritltiriiiwtiu'^ filleii mnIi 

a 2 per cent solution of common salt, dltis was eiifii Miiieil in n 
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wooclc'ii l>ox filled with i(!e., having a stop-cock at the bottom to 
draw off the ineltc^d waf.('r. lly this moans the apparatus was 
always ready for use. 

With this calorimeter tlm pn'ssure (uin be. changed so that 
only nu'lting due to actual heat, is possible'. In order to do this 
the side' tube of the “ t hermostat ” is connected by a rubber tube 



Em. .'ll. — Von Thun's Ice Culonincter. 


to a vetwel, /, which can !«• raised or lowered and the pressure 
nu'astin'd. 

In determining the heat of eombu.stion of hydrogi'U von Than 
worketl under constant volume. His burn<>r was made of a glass 
tills' and nearly filled the inner chamlsT, a. The products of com- 
hustion passed out through phosphoric anhydride. By weighing 
this he (letermined the inmntity of water generated. His results 
were dsO.tW Jkt cent of the correct amount. 

DtKTKUIl'l's CAUnUMKTBR 

Dietcril'i’s calorinu'ter { Fig. 32) is tpiite large. The inner vessel 
is nearly K in. long. The tuls', .S', through whicli the mercury 
Hows has a ground joint with a mereury md. K is a wwalen 
box in two parts, filled with let', containing a porcelain vessel, P, 
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filled with distilled water, which is frozen on the walls. In 
is placed the calorimeter, suspended on a fuhirum by nutans o 
tube S. 



Fig. 32 ,— Dioteici’B leo Galoriineti’r. 


Dieterici preferred a glann or port^'lain vcm^I to a luc^tal 
as undergoing no change from oxidation. 


CHAPTER VI 


SOLID FUELS 
COAL 

Among the first careful tests evc'r made, to determine the heat 
value of difT(M*ent kinds of coal, w(‘re thos(^ inade in 1843 and 1844 
by Prof. W. R. Johnson for tlu’; U. S. Navy. Ih^ analyssed and 
tested all the kinds obtained from the United States and England, 
whlvh were then in use by th(^ navy. At th<‘ tinui thc^y were made 
thc^ (‘alorinud-ric det.c'rminations were not (‘onsickax^d as of the 
importaiK^e they are now, and his tests mnv. limited to determining 
the (waporative powca’ of tlu^ coals. Williani Kcmt reviewed them 
in tlie Erigineeriiuj and Mining Journal^ 1892, showing that up 
to the tinu^ of tlu' (^xinn'innsits nothing comparable with them 
had Iks^ii atternpted, and that in many r(‘H|)ect8 they compare 
favoralJy with work <lone to-day. 

In 1857 M<jrin and mad(^ numerous determinations of 

the c*alorifi(^ pow(‘r of coal and wood, aiul in 1853 they published 
a work (Ui FutJs and tludr (hlorific Ptaver/^ in which they make 
many nn'ornmendations for more ac(‘urate work. They wrote: 

It would Ih^ (»xtrem(4y important if (*x{K‘rimentB with the cal- 
orimeter could 1 h‘ mad(‘ on most of tlu^ fuels, by methods similar 
to those umnl l)y Fuvn» and HillK'rmann.*^ 

In 18CI8 Hucli ('XiHuimimtH wert^ made by Scheurer-Kestner; 
and contiiuuHl by lum later with the aid of Meunier-Dollfus. 
They based tlutr caleulatioim on pun‘ cc»al, i.e., with moisture 
and ash d(Hluet<Hl Hiis method, which has \mm followed by 
many oilic'rs, senuns vtuy logitxil, as it facilitates comparison of 
dilferent fiuds by mducing tluan to tls! sanu^ basis. Enormous 
errors due to (‘omimrison of valiums not comimralJe are thus 
obviattnl U<ml having 5 |K'r cvnt impurity has kam compared 
with coal luiving only I iH*r cent, no account benng made for the 
diffenmc*(% and of course very erroneous and misleading deduc- 
tions obtaintai. 


m 
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It is a simple task for the engineer or the workman even, to 
determine approximately the proportions of moisture and asli as 
given on the grate. Knowing thc'sc^ proport ions and heat of 
combustion of the pure coal, they can naider a statement of tlu' 
practical working. If, on the contrary, the (‘xpcnimcmter is 
limited in such a way that he neglects iho (‘omposit ion of tlie (‘oal, 
it is impossible to make a conjecture as to its intiinsk; or com- 
parative value; still less can he judge of it- as a stc^ain gc*nerator. 

In 1879 Bunte made some expcaiuKaits at Jvlunicdi, using a 
special apparatus devised by him for tlu' occasion, whicdi was pari 
calorimeter and part boiler. Tlu^ h'sts w(‘r(‘ publislu^d in Dingier s 
Polytechnisches Journal. Some of th(‘ r<‘sulls an? included in tin* 
tables of this book. 

The manner in which a coal acts tmd(‘r lu^at. in a elowal vesscd 
is a most important indication, takcui in {'(ynnection with its 
elementary composition, (iruiu'r gave? his opinion tluit th<^ r<‘al 
value of a coal could be determiiuHl h(‘t ti^r from its jiroximatt* 
than from the ultimate composition. Hpcniking of the Ix)ire coal* 
he says: 

''The proximate analysis, which consists in distilling coal in 
a retort and incinerating the residues allows diret'i valuation of 
the agglomerating power as well as tlie nature and proportion of 
the ash.^^ 

Gruner * formed the table on pag(' <)7, Itasttl on tlie quaidity 
and nature of the coke furnislKHl and the caku’ific powi»r. 

Heating Value of American Coals- The tal^k^s of heating 
values of American coals which follow arc^ inkm from Bullfain 
No. 22 of the United States Bureau of Mine's ui which is gi%*en over 
3000 analyses and results of ealorimc't He detc'rminafionH. Tlie 
tables as presented were compiled from thorn ' m tla* Bulletin by 
William Kent, and published in a pa|H'r at the June, lllbb tneeting 
of the American Society of Mechanical Knginc*em, mid in the 
second edition of his " Steam Boik?r hkfonomy,” from wliirli tiiey 
are here reprinted by pc^rmission. 

For ^ these tables Mr. Kent has f^'leeted 1515 finiily«»s of eoiils 
from different states, showing practic'ally the extoane ratige of 
composition of heating value of the coals of i^iadt of 
whenever a sufficient number of <*aals of sucdi stiileH are givtai in 
* Anniikg dim Mines, lg7H, V«I. IV. 
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GEUNKR’S CI.ASSiriCATION OF COALS 


CIaaH(‘H or Typ(‘H 
of Coiil 
Proix'rly 
HO C'alUxl. 


1. Dry <‘oalH 

with long 
lUiitun 

2. Fat <*. o a 1 H 

with long 

flamo (gan 
(‘o?]jla), 

3. Fat coalH, 

Ijroporly ho 
t'allfd 

(“b I a o k- ' 
R m i t li ” 
roalH), 

4. Fat coulH 

with abort 
flatiih (ook« 
big coalH)» < 

5. Lfian roala ) 

or anthra i 
oito, ] 


,P(ir 
emit 
( hikc! to 
Pun^ 
Coal. 

Par 

Cont 

of 

Volatile 

Matt(‘r 

in 

Puro 
( ’oal. 

55 to 66 

45 to 40 

60 to 611 

40 to 32 

66 to 74 

32 to 36 

74 to 62 

26 to 16 

62 to 90 

16 to 10 
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Calorilic 

Powisr, 

A(*tiial. 

Caloru‘H. 

Industrial 
Calorific Power. 
Water at 0’=‘ C. 
Vaporized at 

1 12® (]. per Kilo 
of Pure Coal 
Burned, 
in Kilograms. 

6000 to 8500 

6.7 to 7.5 

8500 to 6600 

7.6 to 8.3 

6600 to 9300 

8.4 to 9.2 

9300 to 9600 

9.2 to 10 

9200 to 9500 

9.0 to 9.5 


tho bullistiii. Tht". iiiost irnixirtEni iltdiiw of the ultimate and 
proximate analyst^H \vm\ talmlattnl, viz., ih(\ S, II, C, 0, and N 
of the ult.imatt; aiialyHiH an n^ft'rnal to th(^ (‘omViUHtilile (coal free 
of moisture and ash), also th<^ volatih^ matter, the moisture and 
the ash of thes j)roximate analysis, the moistdire and ash being 
reft^rred to the*. (K)al as r(Haav(‘d, and the volatile matter l>eing re- 
ferred to tlie (X)mbuH(il)l{b (Beti Table 1.) Tlie fixed carbon 
referred to eombustibk! is 100 jM*r etait minus the volatile matter 
of the combuHtible, and rt^ftarcxl to (‘oal as rec(*iv(Kl it is 100 per 
cent miiiUB the sum of moisturt% asli and volat ile matter. The 
reaulta m given in tlu^ biilUdin \vt‘n» calculated to three different 
bases: (1) as rc^cfaved, (2) dry (Hial, (3) ash- and moiaturcvfree 
(commonly ealicbl eomlmstibkO; and in many amm to a fourth 
bfmii, asii-, moisture- and sulphur-free, h'or the purjme of com- 
parison, how<wi*r, othc*r informat ioti was demnai, such as the 
Il.T.U. iK*r 11). of (X)al air-dry, aHh-fnH% and airnlry, ash- and sul- 
phtir-fnai not containtbl in thc^ bulh^tin. These: omitted items 
were calculated and tabulatixl, but it should I>e stated that the 
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figures which were obtained relating to B.T.U. ciilculatcd to tho 
sulphur-free basis, are probably too high in many cas('.s of high 
sulphur coals. 

Having thus tabulated the results, tlu' questions to la- solvc'd 
are (1) how shall the coals be clnssified; (2) wliat n'lntion (fix's 
the heating value of the coals bear to tho oluanioal composition. 

In studying the 155 coals, Mr. Kent first plottrxl tiici B.T.U. 
per lb. of combustible with the results which arc shown graph- 
ically in Fig. 34. This plotting shows that all the coals of tht! 
Appalachian field come closc^ to t.hc original curve drawn by him 
in 1892 from Mahler’s tests of Kurop('an coals, when the volatifii 
matter in the comlmstible is 35 p('r ('.cut or fi'ss. For coals higlier 
in volatile matter, and for Wc'stc'rn coals gf'tx'rally, tlx' heating 
value varies over a wide range and apjM'ai's to have* no relation 
to the volatile matter, but each district, has a law of its own. 'I'lio 
Illinois coals are all found within the snudl art'a shown by dotted 
lines. Perhaps the most important conclusion from fi’ig. 34 is 
that all the semi-bituminoiis coals of the Fastern statt's, and thosi' 
from the Western states and Alaska with a vt-ry f(*w exc('ptions, 
have a heating value per pound of eonilmstible that is very cIo.se 
to 15,750 B.T.U. With bituminous coals and lignite containing 
over 36 percent of volatiki mathir in the combust ibfi* there apjx'ars 
to be no law connecting tho heating value with the {M'rci'ntagc 
of volatile matter, and the plottitig is not continued ix'yond 44 
per cent. 

As many of the coals high in volatile matter are alsft high in 
sulphur, it was attempted to find if high sulphur was the cause of 
some of the variation of tlx* heating vahu*, but the results are nega- 
tive. When tho heating I'alue jx-r pound of eonjaistible is con- 
verted for sulphur by the usual m<*lh(Ml, by subtracting 4050 
B.T.U. per lb. S, and dividing by I minus fjK-r cent S : 100) the 
value thus found is often far higher than I lie h(*ating value js-r 
pound of combustible of coals of the sam<> districts tliat are low in 
sulphur. Ijower values for these ettnls might lx* found if they 
were converted by the “ unit coal " metlaxi of Parr and Wheeler 
(Bulletin 37, ItMM), of the Illinois IJiiiversify Fngimx'ring Kxjs*ri- 
ment Station), viz.: 


B.T.U. per lb. unit coal 


Indicated dry B.T.U. - fitKMI S 
I.(X)~(l.(Wnsh f 0.55.S) ' 
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Q|(tttwu)mtu 'ii'i 4 *kI •(fj'U 


Yolatiie Matter per cent of Combustible 

Fig. 34.^ — Rdatioii of Heating Value to Percentage of Volatile Matter in the Combustible. 
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Fig. 35 shows the result of plotting the heating value per 
pound of air-dry coal and ash- and sulphur-free, against the per- 
centage of moisture in such coal, for those cases in which the 
moisture does not exceed 11 per cent. The results indicate that 
this method may prove to be of considerable importance when it 
is applied separately to the coals of different states or districts, 
especially the bituminous coals of the Middle West. The high 
position of the Kansas coals and of one of the Missouri coals 
may be due to the error of the common method of correcting for 
sulphur. 

The average results shown in Fig. 35 correspond approximately 
to the following formula: 

B.T.U. per lb. air-dry coal, ash-free = 1 6,400 — SOOikTa, for semi- 

bituminous coal; 

= 15,300 -240ikfa, for bitu- 
minous coal; 

in which Ma is the percentage of moisture remaining in the coal 
after air-drying, referred to the coal free from ash. That is, 

M-L 

^^~m-{A+Ly 

in which M and A are respectively the moisture and ash in the 
coal as received, and L is the loss on air-drying, figured as a per- 
centage of the coal as received. 

After studying the coals by the method of plotting as described, 
Table 2 was constructed, in which a revised classification is 
attempted. The extreme differences in B.T.U. per lb. between 
the B.T.U. per lb. given and those that result from calculation 
by Dulong's formula, by the Mahler curve, and by the moisture 
formulae for air-dry, ash-free coal, are given in the table on page 
85. The extent of these differences suggests that in some cases 
the calorimetric determinations, or the analyses, or both, may be 
in error, and indicates the necessity for thoroughly checking the 
loss in air-drying, the moisture determinations of the air-dried 
coal, the analyses, proximate and ultimate, and the calorimetric 
work. 
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I8f 39.8 ■ 5-73 5.23 82.41 . 1.49 ^ 5.14 ; 15,125 ^ 3,12 ; 2.0 . 14.12 _ 12,517 I 83.88 I 14,921 | 1.32 
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CALOUIFK) I»()WKU. OK KUKLS 


TAIiLK 2 

CLASSIFIED LIST OF AMEIiH’AN C:OALS 


I. ANTIIJtACITH 

Alaska 4 . 

Colo 5 . 

Pa 7 . 

Pa a . 

Wash 5 . 


Ark. 
Pa. . , 
Va.. 


11. SEMI~ANTini.V('lTK 


.11. 

..3. 


III. SKMI-OITlIMINOtm 

Ala 1 . . . 

Ala 2, . . 

Alaska 3 . . . 

Ark 2.. . 

Ark 5.. . 

Ark 6 . . . 

Colo 7 . . . 

Colo a.. 

Ga I . , . 

Md 1 . . . , 

Md 2.. 

Md 3 . . . . 

Md 4. . . . 

Mont 9 . , , . 

Okla 2. , . . 

Okla 1 . , . . 

Pa 2.. .. 

Pa 1 . . . . 

Pa 4.. 

Pa 6.. .. 

Pa 9, .. 

Pa 10,. , 

Va ..4, 

Va 5 . 

Wash .6 . . ! 

W, Va ,2., 

W. Va 3 

W. Va a'// 

W. Va .7., . 

W. Va .B . 

W.Vih .....10 


Ky . . . . 
Utah, . . 


rv. Cannki, * 


V. PiTOMiisrotm, Iltoii (}UAt>r, 

Ala 3 , . 

Ala 4 

Colo 4 ‘ 

Colo 0 " 

111 6 ’”"’ 

Kan 2““'" 

Kan . 

Ky ;::4;;;.:: 


CdMin'H'nnr.K. 


Vol. 

S. 

i (>. 

H/r.r. 


a. a 

0.73 

4.04 

15.20 3 

1 . 55 

3 . 6 

0.87 

1 . 32 

15,41 3 

1 08 

1.3 

1 . 00 

2, 1 3 

14.882 

1 .43 

3.7 

0 , 68 

2.41 

15.248 

0 8 3 

a. 5 

0.72 

2.67 

15.410 

0 . 80 

14. a 

2.13 

2.57 

15.496 

1.45 

10.0 

0.74 

2.17 

15.457 

0 91 

13,1 

0.82 

4.18 

15,500 

0.90 

2 a a 

0 59 

4.45 

! ».757 

115 

27 9 

I . 58 

3 42 

1 5.620 

0 94 

15 5 

1 29 

3 . 02 

15.651 

0 60 

16 7 

3 16 

1 6*# 

1 5,624 

0 86 

17 0 

1 57 

1.25 

15,5 30 

0 92 

20.7 

1 47 

4 27 

1 5,602 

1 34 

23 a 

0,58 

4 34 

15.849 

0 8 3 

25 8 

0.72 

2 29 

1 5.9 39 

1 43 

19.4 

1.55 

5 *#6 

15.65 3 

0 74 

16 5 

111 

2 81 

15.710 

0 90 

16 0 

1 02 

2 54 

1 5,640 

) 10 

19 7 

0 94 

3 01 

1 5.826 

0 80 

17 5 

0 *#8 

2 47 

1 5.856 

0 66 

la. 3 

0 96 

2 93 

15.721 

0 61 

21 7 

115 

2 0/ 

1 5.586 

0 5 3 

15 7 

1 36 

I 87 

15.728 

0 70 

19 0 

107 

3, 32 

1 5,840 

0 99 

24 a 

1 81 

5,50 

15.376 

0 40 

25 0 

1 50 

3 72 

1 5.660 

0 86 

19 5 

173 

I 9*# 

15.681 

1 , 50 

17.3 

1 6 3 

2.82 

15,847 

0 65 

17.2 

5 09 

1 66 

15,49 3 

0 76 

19,0 

0 68 

3 42 

15.840 

0 54 

17 5 

0 68 

2.23 

15.910 

0 64 

16 3 

0,48 

3 97 

15.264 

I 67 

25 3 

0 86 

4 1 3 

1 5. 399 

1 18 

2 3 3 

0 61 

I 68 

15,7 36 

0 90 

21 a 

1 27 

5 , 52 

H.781 

0 81 

19 9 

0 60 

2 00 

16.0 38 

0 69 

16 5 

0 79 

4,56 

1 5.820 

0 65 

la 1 

0 86 

1 97 

15.919 

0,71 

55 5 

1 38 

7 57 

15.800 

0 91 

57 0 

1 15 

7 61 

16.01 3 

1 44 

47 4 

0 92 

5 14 

16.176 

0 84 

67 6 

2.32 

13 08 

14,918 

ft 26 

33 4 

Ml 

6,99 

15.590 

1 21 

35 . 3 

1 07 

7 00 

15.214 

1 77 

1 1 , i 
33,7 

0 72 

9 18 

14,681 

1 01 



8 77 

1 5,559 

0 87 

40 0 

2 02 

9.74 

14018 

1 14 

39. a 

6 68 

5 26 

15.167 

I 86 

19 5 

4 93 

7 27 

14009 j 

2 49 

15 3 

0 58 

8 05 

H.llft 1 

1 64 


Anir 


n:vA\ 


I4.96« 
15.247 
1 4.660 
IS.Ui 
IS. 367 


15.272 
IS. I9« 
15.4 30 


15,577 

15.475 
15.55*# 
15.525 
15.ia7 
15. 3*#4 
15.716 
15,712 
15.540 
15,577 

15.476 
15,69*# 
15.746 
15.625 
15.504 
15,61*# 
15.6ftO 
15.06 
15.521 
15.624 
15.744 
15.176 
15.750 
15.795 
15,01 I 
15,216 
15.59/ 
15.655 
1 5,996 
1 5. 604 
1 5,601 


15.646 
15.764 
16,041 
1 i.6#l6 


15.400 
14,947 
1431 1 
11.421 
14.470 
14.714 
14.416 ^ 
I 5,fl95 


theonL of the (mlH oUht^t^wal arr 
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TABLE 2 — Continued 





COMIJUSTIHLIO 


Air-dry, 

Asii-FRBia. 



Vol. 

S. 

0. 

B.T.IT. 

Moiat. 

13.T.U. 

V. lilTirMINOlIH, lIUHI-tniADK 

Continued 

N. M<‘x 1 

41 .5 

0.74 

8.79 

14,875 

1.64 

14,630 

N Mc'X 

2 

-34.4 

0.96 

6,93 

15,221 

14,888 

0 80 

15,099 

14,626 

Ohio 

1 

45.5 

4.58 

8.10 

1.75 

Ohio 

4 

42.9 

3.97 

7.04 

14,965 

2.38 

14,642 

Olho 

5 

42.8 

3.66 

9.01 

14,832 

3.83 

14,431 

Okla 

5 

35.5 

7.36 

3.71 

15,025 

1.38 

14,814 

Okla 

6 

40.8 

2.06 

7.35 

15,061 

1.57 

14,825 


1 

38.3 

1 .38 

6 . 94 

15,345 
15,51 1 

1 . 42 

15,127 

15,346 

Pa 

5 

32.4 

1 .00 

7.35 

1.07 

'Vvnw 

1 

38.4 

1 . 17 

7.94 

14,960 

1.97 

14,665 

'l'(*nn 

2 

33.8 

0.95 

6 . 70 

15,320 

1.08 

15,137 

'roniv 

i 

39.8 

5.73 

5.14 

15,125 

1.32 

14,921 

Va 

1 . . 

38 . 3 

1 . 32 

8.01 

15,156 

1.79 

14,887 

Va 

2 

40.2 

0.«5 

12.18 

14,918 

2.52 

14,381 

Va 

6 ....... . 

35.3 

0.97 

5,65 

15,291 

1 . 49 

15,069 

VVaHli 

i 

44 0 

5.23 

13.93 

14,796 

1 .55 

14,569 

W.Va 

^ 

44.3 

3 . ft6 

7.06 

15,291 

1.58 

15,048 

VV. Va 

6 

40 , 0 

0.72 

10.10 

15,107 

2. 11 

14,787 

W. Va 

<) 

36.4 

0.73 

5.14 

15,448 

1.36 

15,237 

Wyo 

. , , . . H . . 

39 . 3 

0 . 99 

11.40 

14,848 

2. 13 

14,552 

V!. HiTttMINOl'H, 
Ah 

MkOH'M (lUAOK. 

5 

37.7 

1 ,37 

10.45 

14,467 

2.69 

14,078 

A 1 ask a 

1 

44 2 

1 ,«3 

14, 1 1 

1,3,838 

2.55 

13,484 

( 'al 

2 

53.8 

4.80 

1 1 .47 

14,336 

5.19 

13,593 

Ill 

2 

41 .4 

1 . 36 

12.02 

14,492 

5.15 

13,745 

IH 

i 

37.4 

1 . 14 

8,46 

14,621 

6.02 

13,742 

Ill 

7. . , , , , . 

39.3 

3. 10 

9.0 3 

14,724 

3.71 

14,177 

Ind 

1 , . . . 

40.9 

2 ftft 

9.50 

14,492 

5.48 

13,698 

Ind 

J . ... . 

47.3 

6 60 

9 , 96 

14,305 

5.01 

13,576 

I a 

2 

51.2 

ft, 53 

8 96 

14,206 

5.35 

13,445 

la. 

'i 

40 . 6 

6 . 64 

8,03 

14.555 

6.24 

13,647 

Kan 

1 , . . . 

44.2 

9 . 94 

5 , 64 

14,724 

4 . 09 

14,121 

Kan 

I . , 

39.8 

5 22 

5.98 

14,922 

4.30 

14,269 

Ky 

1 

44.0 

4 29 

8 . 90 

14,657 

6.52 

13.702 

K y . 

^ . 

43.5 

5.64 

7.46 

14,8 36 

2.98 

14,394 

M i« h . . . . 

1 , , 

38.8 

1 53 

9.54 

14,499 

4.70 

13,818 

Mloh. .. . 

2 

37. 1 

i.n 

10.51 

14.603 

5.59 

13,786 

Mo 

, 1 . . . . 

44 H 

5 16 

9,53 

14,35! 

4.65 

1 3,682 

Mo - . 

. . . i , 

44 6 

4 96 

1 1 ,83 

13.892 

3.42 

13,416 

Mo 

. .4 . 

50 8 

6 3 3 

7,73 

14,679 

3 . 69 

14.136 

Mo ......... . 


45 3 

9 45 

6 28 

14,476 

2.83 

13,921 

Mo 

6 

50 2 

6 21 

6 12 

15,1 34 

5,68 

14,276 

Mont ....... . . 


34 3 

4 86 

9,50 

14,134 

2.42 

13,791 

Mont . ........ 

« 

39 6 

0 60 

9 77 

14,681 

2 . 30 

14,342 

N. Mox , . . . . 

I 

44 3 

0 68 

12 70 

14,5 39 

3 . 06 

14,093 

Ohio. ...... 

. 2 

37 8 

s 0 63 

11,58 

14,269 

4 . 69 

14,152 

oiiio. 

I 

47 7 

! 5 74 

9 44 

14,3 32 

3 . 30 

13,523 

Okla. , 

4 

41 7 

1 2 31 

9 26 

14, 711 

4.31 

14.075 

Otah. ...... . . 

1 

45 6 

1 0 60 

I 3 30 

14,245 

4.98 

13,516 

rtait. ........ . 

.2 

47 2 

! 0 62 

10 9 3 

14,764 

2.47 

14,399 

Wiwh , . , 

1 

41 H 

j 0 57 

12 38 

14.348 

3,26 

13,879 

Wyth .... 

0 

39 6 

i 0 84 

9.25 

14,793 

2,73 

14,391 

VII. IhTl’MJNOt'H, Low (Ju-M*!-: 

Aliifika ... i 

40 H 

1 0 94 

|18 83 

12.964 

5.42 

12,261 

III 

t 

; 46 0 

I 6 33 

•10 5 3 

14,263 

6,75 

13,300 

Ill 

4 

40 ft 

1 5 55 

112 02 

13.921 

6,02 

I 3,084 

III . 

, $ 

46 2 

1 6 02 

!l0 09 

14.155 

1 0 , 59 

12,657 

Ind. . . ...... 

. . . . 2 , 

42 2 

M 78 

do 55 

14,746 

9 , 60 

13,329 

Ind, .......... 

. . . . 4 

44 ft 

6 73 

1 9,69 

: 14.089 

6 17 

13,220 

la 

..... 1 . , 

4/ 5 

5 69 

9 7 3 

14.305 

n . 33 

1 2,684 

Mo . . 

... .2 

4/ 3 

4 85 

10 68 

1 14.202 

7.37 

13,156 

Mont 

. I 

33 3 

12 99 

1 

6 82 

■: 13.691 

2 . 37 

13.368 
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CALORIFIC POWER OF FUKI.8 


TABLE 2 — ( \miln uvd 



VII. Bituminooh, Low (Iuaok 


Conlinuc(JI 

Mont . . . 

2 

Mont . . . 

U.- 

Moat . . . 


Mont . . . 

6 

N. Mex . 

4 

N. Mex . 

^ 

Okla. . . . 

1 , 

Ore 

3 

Utah. . . . 

3 . 

Utah. . . . 

4. , 

Utah. . . . 

$ 

Wash . . . 

2. .... . 

viir. 

Bu«“lUTlfMINmfH A NO 



Ark 

.L, 

Cal 

A 

Colo .... 


Colo ... 1 


Colo .... 


Mont . . . 


Mont . . . . 

I« . 

N. Dak 1 : 

N. Dak , , 


N. Dak . . 

3 . i 

Ore 1 1 

Ore 

2, . . ? 

B. Dak ! ] 

Tex 


Tex 

2 . ! 

Tex 

1 i , 

Tex 



Utah 7 . 

Wash 4 

Wyo t 

Wyo 

Wyo I 

Wyo .4 , 

Wyo. I 

Wyo ..6 

Wyo. 7 

Wyo........... JO 

^ ^ Not C.h,AWiriii> 

R. I J 

R. I 

Alaska. .1 

Ark , 4 ' 

Idaho . j , ' 


< MTtUM 


I . 77 70 44 
I 00 u» h; 

0 m» to 7t 
7 HH {014 

0 ./M 14 00 

1 JH 00 

01 10 07 

t 

0 hU J B t I 
7,77 to (r» 

7 to 14 in 
0 44 17 Jt i 


Alii i»jiv. 

A.Ht|.*rHKK, 


A 0 , 0 0% 
I* I 4 0 t)»i 
71 / H> 7ft 


IH 



0*1 « 

lu 

iU 

// 

•lO 

1 

IH 1 

/I 



H 

HI 1 

<71 

'♦« 

IH 

fid 

17 

Bon 

1 1 

0 7 

70 


17 

4 7 

n 

117 

7 

14 

1 1 

7ft4 

iH 


77 

Oft 

17 

77ft 

1/ 

71 

HI 

Hi 

17 

mo 

H 

’♦ft 

74 

I'i 

! 1 

777 

H 


71 


17 

ftfi 1 

17 

*14 

H7 

41 

1 1 

I»I4 

J4 

11*1 

lift 

17 

447 

1ft 

114 


*»4 

1 1 

(HI) 

/ 

’»% 

JO 

«ft 

H 

.ft If) 


ft*l 

5 1 i 

j 

14 

HI. 

Ml 

i 4 

ft'* 


%H ^ 

f 1. 

17(1 

■ I 

7ft 

1 

77 I 

14, 

0117 

i » 



7fl ^ 

1 1. 

‘14’* 

< 4 

// 

ft 

44 ^ 

14 

*I4'» 

1 

/; 



If. 

4U 

1 If 

4 7 

iM.’j 

n 

Hiltr iini 


\!ii 


1 0J10 

I OJ7B 
i I 0 . 0 h 4 
10.004 
5 M.O'm 
* 10 . 14 « 

I iMh 
' O.BOt 

I t J /1 
io„ftn4 
.tojrto 
n.07/ 

n J7B 
M Jtift 
HA\% 
10J7I 

n.%n 

I 1,001 
RJOft 
HU III 
Hij*m 
iA%li 


ture, but the ultlin*i« »iml>si» i» »>ii, « . i . 


» Ml s4 \| |ti» 'J 
' •' li iilsrifil. 

^ s I .1 1 #fif| 

4 •• »^4^ i'* 


*0 ij, 
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Differences between Actual and Calculated Heating Values. — 

'Ilie table shows the range', of variation of heating value 

as dctea'iniiKHl hy caloriineter from that found by estimation from 
the Dulong formula, the Mahler curve and the moisture formula. 


RANCSK on VARIATION Oli' IIKATING VALUES 


eauMH. 

n.T.U. GiiKATi-ni (-}-) OH Less (-) than 

KhTI MATEO HY 

Dulonp 

l'’ornuila. 

Mahlor 

(Uirvo. 

Moisture 

Formula. 

l Aiithnu'ltn 

- 164 to d 127 

- 21 to - 193 

- 674 to -1 546 

- 284 tw 1 172 

- 344 to 4 842 
673 to 1 592 

■ 3e)9to -I 1293 
1397 to ( 1292 

- 76 to -f 373 

™ 23 to -~176 

>- 516 to 4 208 

- 385 to 4" 87 

- 233 to -274 

- 557 to 4643 
+ 198 to +686 

- 447 to 4™908 

- 923 to +967 
-1674 to +680 

1 1 , S<''nii juitiira(’it(‘ 

Ill S<‘iul bituiuinou.M . 

IV. e 'aiUH‘l 

V. BitnmlnouH, hU'h Knult*. . . 
Vl. UltunilJUHiH, nic<litim Kona* 
VII. aitunilnou.M, low ftradr. . . . 
Vni. Sub bilujiiiruiUM and liKiutn 

- 849 to 4-725 
~~1226 to 4 736 




For du' (irsl. five' classe's tlu' maximum variation of the calori- 
m(‘tri(‘ from (lu' (‘slimate'd value' hy the' Dule)ng feamuila is 842 
D/r.U., by (he' Mahle'r e*urve 849, ami by the moisture femnula 
908 The' re'vise'el e'lassifie'ation is as folleiws: 


(•LASSinicATioN e>n (‘oalb 


* " 







Voliitdo 


Mointuro 


B.T.U. 


Mat for. 

e >xyK<ut 

in Air Ory 

B.T.U. 

per Pound 


For ('flit 

in e 'om 

(’ual, I''r<M* 

IKT Pound 

e'tifil, Air- 


of e 'iun 

btndibln, 

from Ash, 

(4)nibuHtil>b\ 

dry, Anh- 


buHtibU*. 

Pert ‘out. 

l*or e'ont. 


freo. 

I. AnUiUiritt*. . . 

ll'H.*! 






than to 

1 4 

loHHthati l.B 

14.800 15,400 

H,60()'4 5,400 

n. Hriiti iMithriyitt'. 

10 15 

1 5 

b‘Hs thiiit 1.8 

15,400 15,500 

15,200- 15,500 

in, HrinI bif uiultJotiM j 

15 iO 

1 6 

ll-HHtlUUt 1.8 

15,400 46,050 

IS.IOO'l 6,000 

IV. UintiH'I 1 

45 60 

5 H 

bwUhan 18 

15.70046.200 

15,50046,050 

V. liiutmtiiiomi, bbtii 







30-45 

5 14 

t 4 

14.800 4 5,600 

14.350-4 5.400 

Vt. IlilusniiioUH, my* 






diuin la'iMb^ 

11 50 

6 14 

2.5 -O-S 

13,800 4 5400 

11,300-44,400 

VU. low 






Krailo. 

12 50 

7 14 

5 12 

12,400 -4 4.600 

1 1,300-41,400 

Vin. Sub bit uiiibioUM 






and Inuua* 

27 60 

10 33 

7 -26 

9,600 11.250 

7,400 4 1,650 


1 


.. . . 


. . 


•* Kiwirni Hir rtiili in imaii luwtsr in himtaiK vnhw. 
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CALORIFIC POWER OF FimiS 


Heating Value of Foreign Coals. — TIio tables on thc^ folio 
pages are abridged from those in the second (nlition of this v 
Those tests of whose reliability t.her(^ mm tlu^ sliglitc^st <l 
have been eliminated from tlu^ taV)l<'S. In tlu^ tn.bk\H of Fr 
coals Mahler^s tests have IxH'n substituted for th(‘ now nioi 
less discredited Schcurer-KestiK^r t(\sts. 
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franc;k (p. matileu) 


CoXh DkY and I'^RKK FROM AhH. 


Kind <jf (JoaL 

?'0 ° 

Ps 

‘)6 . « i 
<>4.80 
<) 6 . 8 I 
94 . 00 
91.29 
89.56 

DornpoHitiou. 

JBaiting Valiai, 
(biloriea. 

(b 

95.24 
92 . 86 
91.46 
9 1 . 49 
90 . 00 
91 .46 
92.. 19 

n. 

1 , 50 
2,16 
1.07 
1.12 
1.17 
1.95 
1.78 

(,) -SN. 

' 1.26 

4 . 99 
1.48 
5.19 
6.81 
4.59 

1 . 81 

"ca 

P 

o 

< 

, » - 

3 trj 2 

P'Wig 

, C3 Q 

Oi 

o 

p 

OJ 

Anthriicite and Anthrncitic 

Do la Mur(‘ (( Iraiuh' < 'ontdio) ....... 

Day Ddduk l'D)iiKiu) 

Kol)ao 

(U)jDiuontry. 

Hlanzy, Puitn Sto. Harlx' 

(Srarnlo ( !<)tulR*, Puitn PotaHHan 

C/HUlHOt 

Av«TaK<‘. , , , 

8216 

8121 

8512 

8456 

8201 

8540 

8687 

8171 

8110 

8528 

8111 

8169 

8651 

8704 

- 43 

± 4 " 

«-123 

- 14 
Mil 
f 17 

1 . 1 A 

FaC and Sami-fiit ( Domi-graKao > 








Dmni Knt.MHo, d'Aiiii'.jn, 1 <orso St. Man* 

85.92 

91 ,26 

4,27 

4.48 

8656 

8751 

f- 95 

Doiui Ki’aHHo, (Iraiuh* ( ‘ombo. , . 

86 . 62 

91 . 19 

4,46 

4.15 

8756 

8817 

..R 

Dtnnl Kra.s.s(‘, UiM'ho Ia Molli’^ro 

86 00 

90 , 1 1 

4 , 18 

5.51 

8767 

865 1 ; 

1 16 

I )omi grasHo, Aiiioho 

88.07 

90 10 

4.40 

5.49 

8814 

8659! 

">"•175 

(JraHHo, Atizin, groat voiii, , 

78 , 49 

89 20 

4,67 

6.14 

8574 

865 i 

•}’ 77 

(JraMHt*, Hoiiobaiup. 

76 77 

88 , 89 

4.84 

6.27 

8797 

8678 

(9 

(JraHw*, boiiH 

80 . 50 

90.01 

4.80 

5,17 

8819 

8805 

14 

<}raHH(s ( 'arriiutjx 

78.25 

87.84 

4,87 

7 , 10 

8619 

1 8559 

•** 80 

(JraHHo, Hoobo la Moli^rt* 

77.15 

89 . 5 1 

4 84 

5,61 

8867 

8757 

— 1 10 

CJraHHo, SaltU Etioimo ... 

79 . 1 6 

89 . 2 1 

5 01 

5 74 

8857 

8796 

». 

(JraHMO, MIuoh do Ptuton ((Jard) 

80.71 

86.52 

4,84 

8 64 

8667 

8382 

-285 

Avi^rugo 







- 66 

Fat 







Bothuru' 

69 59 

87.01 

5.17 

7 60 

8668 

8654 

14 

LotlH , . 

69 . 20 

87 . 26 

5.44 

7 . 10 

8749 

8705 

44 

Flrtidtiy 

67.98 

85 . 19 

5 . 58 

9.11 

8571 

8524 

49 

Montriunbort . . . , 

65.71 

84.52 

5.54 

9 . 94 

8598 

8407 

- 191 

(’ominortiry. 

60 . 04 

85.66 

5.60 

8.71 

8408 

8571 

{ 165 

Daiiiiol otau, N!«l<lrit\ ... , , 

47.00 

81 79 

6.57 

9 61 

84 M 

8717 

{ 286 

Avi‘raKo , , 







{- 52 

Flaming Cmds, IJgidtifi 








Moiitoio. , , . , 

62.91 

8 1 95 

5 64 

10.42 

85 70 

8171 

f 99 

Blati 7 .y (Ptillrt Hto. Mariot . 

68,05 

84.26 

5.27 

1 0 . 46 

8150 

8271 

..... 79 

Do<'a/,ovlll(» tBunrrniry 

64 . 20 

81.17 

5.68 

n . 14 

8270 

8294 

1 24 

Blatizy (PuitM Sto, Eug/^idol , . . . 

60.61 

81.54 

5 , 64 

12 81 

8081 

8072 

1 1 

Doott/.ovtUo {"rratiamD 

58.77 

78.72 

5.67 

15.61 

7817 

7715 

■ -102 

Avorago. 







...„ 74 

Avoragi* of abovo four olnaaoa 







...» la 

Idgnitoii 








Torro do Fmi. 

47 21 

71 01 

5 94 

2 1 05 

70-19 

6882 

-- 157 

Trifiill cHtyriii), . 

49 66 

69 24 

5 06 

25 71 

6616 

6117 

-■■-299 

Vaiirlgard ..... 

50 05 

66 16 

5 01 

28 61 

6076 

5918 

- 1 18 

Wmni 








Piirtlidly tiry, Haidn do XDrvdgo. . 


51 08 

6 02 

42 9tt' 

^828 

44285 

400 

Bidii do (‘h^fto do lan’raifio 


50 44 

5.88 

41 6n 

4689' 

429 i; 

196 

Didlidiwo, 


44 44j 

6 17 

49. 19 

1 

4i00j 

161 7j 

581 
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GALOlUFIC POWEli OK VVKhi< 


(JHHMANY 
III thin form by 


Name. 


A. Ruhrcoal 

1. Alteneaaen 

2. Bonlfacius 

3. Coneonlia 

4. Conaolldatlon 

5. DahlhauHon-Tiofbau. . . . 

6. DanriBnbaiini 

7. Dannonbauni 

8. Ewald 

9. Priodrich JOrncHtiiie .... 

10. FriUiUolio MorffeiiHonue. 

11. General 

12. Graf Beuat 


13. Hanaa. . . 

14. Holland. 

15. Hdrde. .. 


16. Hugo 

17. Tjoturinffon 

18. Mont-Cenis 

19. Pluto 

20. llecklln^?haua(Mi. . 

21. Mathlaa Htitmea , 

22. Shamrock il ... . 

23. Shamrock 


24. XTnaer Fritz . 

25. Viktoria Mathlaa. . . . 

26. Gruhe VoUniond 

27. Westende 


28. Wllhclmino Viktoria. , 

29. I^ollvcrain 


B. Saar Coal 

1 . Camphauaen Level HI. , . 

2. Dudweiler 

3. Frankenholz 

4. Friedrichfithal 

5. Heinitz I 

6. von der Heidt 

7. ItzeiiplHz 

8. Itzenplitz 

9. K5nig I 

10. Kohlwald 

11. Kreuzpfrftben, Level I 

12. Loiiisenthal 

13. Maybach. Level II 

14. Pattlingen. 

15. Reden 

16. 8t. Ing-bert Gan-coal. . . . .. 

17. Bt. Ingbert Heating-coal . . 


(’OMCOHITIOM Aut nuY 

< 'OAI.. 


■i' .1 

•y/. 


10;4 65i 
6014 
16 5 01 
8214 H5| 
2414 05! 
18 4 18* 
55i4 54' 
27,5 n 
50 4 04 
27 4 41 
0614 81 
05 4 01 


70 52i5 21 
H I 17 4 77j 
80 08 1 68' 


52 I . 07 
77 I . 71 
78*0. 86[ 
1 210.06 
' 1.26 
I , 06! 
1 .021 
le»;0 611 

85|t 12 
74i| 25. 
6iM 57! 
52! 1 62; 


t 75 

! 00 
1 12 
I 141 

1 06 
t 84 
0 80| 

2 1H| 
I 54 
0 70 
I 42 
0 50! 


6715 

4 

20|4 

5 
4 
4 


80 
82 61 
66 
80 07 
81 22 

81 65 

82 16| 
83,56 

80.48 

80.72 

70.76 

8i.:i6| 

70.82 

71.15 


80.15! 
78.261 
77 77 

76.20 

77.20 
60.07 
70.15 
72.06 
76. 60! 
71.48 
80.41 
70 I I 
70 67 
68 67 
72.081 
81 ,40 4 
81 .2615 


0 81 12 08 

5 oon on 0 oo 

4 n l 40^ 0 80 


42 0 It ; 

55l 6 22*1 0/i 
10* 7 411 70 
05* 0 27 !o 41 
111 6 12U 46 
40* 4 0211 5 6 
70i 1 6i;i lOi 
77j 5 im 28^ 


1 70 
I 40 


5.22i 

4,80 

4,77 

4.76 

5 17 
4 65 


8,10 : 
8 66* I . 56' 
5 . 44 I . W 
1.1111 .56 

8* 4 1 I 
0.61 1 20! 


I 44 
I 28l 
I 10! 
1 05 

1 88; 
0 08: 
0 02! 

I 18 

I «5i 

i ool 


21 

7, 

8411 

86 

t 

ill 

4 

52 

it 

8 

57.0, 

07 

1 

12i 

5 

77 

18 

10 

74 0 

86 

2 

10: 

8 

t5 

.08 

0, 

2811 . 

tn 

2 

01: 

6, 

40 

,07 

8. 

54in 

.72^ 

2 

00 

6. 

48 

,21 

10. 

.01; t. 

. Ii| 

1 

00 

to 

77 

,72 

6 

52 t , 

40 

1 

0|! 

6 

20 

.15 

M 

51 1 

41 

■| 

68 

5 

00 

,20 

8 

05 2 

to 

1 

21 

6 

75 

,01 

10 

86 0 

01 

4 

05 

5 

<r. 

,24 

7 

04 0 

40 

1 

45 

4 

45 

.67 

11 

10 1 

05 

, 4 

81 

7 

74 

.21 

8 

17 0 

70 

' 1 

60 

} 4 

45 

.57 

to 

80 0 

80 

1 

oiin . 

21 

.06 

00 

10 

tl 

8 

7 

10 0 
11 0 
,16 0 

00 

65 

05 

1 

t 

. * 

45 

71 

14 

6, 

2. 

1, 

ii 

,81 

,00 


0,71 
6 60| 

0 85f 
5. in 
7 . 26! 

1 15 
5 16 

2 41 
4 06 
I 66 
1.62! 
1 201 

1 'U 

4 861 

0 84 

1 

1 lOj 
4 00] 

17 8/ 
2.78 
4 48 
7 01 
6.01 
4.2i 


3 

.a 

H 


88 54 
02 II 
07 81 
01/75 
01 ,68 
05.01 

04 04 

05 10 
01 50 
07,67 
04 , 06 

06 12 

04 58 

04.15 

80.16 

05 , 20 

04 42 
70 61 

05 70 
04 08 
01 ,60 
0! .07 
04 . 72 


4 1104,00 
0 08105 74 
7 8i;0j 27 
7 84; 00 08 

4 7l|ol 42 
0 60!87 12 


04 16 
02 01 
04 50 


17 

52 

II 

70 

II 


02 04 
00 10 
04 . to 
87.46 
01. Of 
84.84 
, 00.11 
05 . 44 
04,77 


Hnlong formula for calculatiog bimi-miiltfi cVerlMwiiliiftiffiiidl. 
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reqiu^Ht of ProfesHor H. Pttntu 


('OMroMITlON OK 
PUUK ('OAL. 


( 'AI.OIUKH 
OK I''irKO, 


Cai.orikh of 

< U)MHlIK'l'nJLK.. 



86.19 $.24 7 ^7 1.20 

86.2:) 4. $9 7. )) 1,6$ 

86.01 5.14 7.9$ 0 88 

87.27 5.17 6,5) 10) 

90. 79 4.42 1.41 1.18 

89.65 4.62 4.62 1.11 

88.85 4.81 5.24 1.08 

81,10 5.18 10.86 0.66 

86.19 5.28 7 11 1.20 

91.40 4.51 2 81 1.28 

86.11 5 07 6 97 165 

82.24 51) 1095 I 68 

84,08 5.51 10 19 

88.55 5,07 5 1|| 1 07 

89.62 4.12 4 59| 1 67 

84.81 5.55 9 64 

87.52 4.82 6 58 1 08 

81.14 5.40 9 i) 21) 

84.60 5.28 9 70 0 42 

86.11 5.41 6 72 I 52 

89.05 4.90 4 )8 I 67 

89.55 5,21 1,95 I 29 

88.22 5.04 5 19 I )5 

85.62 5.55 *' ' 8.^8) 

84.11 5.01 9.05 1 61 

87.19 5.21 5.96 1,42 

89.41 5.21 1.66 I 68 

85.44 5 51 9 01 

82. 17 5.12 (MO) 1 ,48 



75 15 70.04 
84 78 77.52 
77,12 71.97 


70 08 65 12 

85 18 8) . 55 

70 54 66.92 
74.4) 71.14 

68 10 64.96 
78 82 71.96 

86 16 76.12 

65 70 61.16 

76 28 72 19 

71 8) 51 96 

71 18 66 90 
78 71 71 70 
78 46 71 5 ) 
78 16 74 I ) 

65 90 61,78 
71 74 70 46 

77 56 69.75 
80 27 72.41 

67 40 62.67 



8646 10 

8265 n 


13 

8398 14 

8379 15 

16 

8313 17 

8086 18 
8016 19 
8176 20 

8560 21 

8682 22 
8468 23 

.... 24 

7981 25 

8420 26 

8699 27 

.... 28 
7922 29 


BlOOi; \ 29,00o(u I 2^00H 600 W 
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CALORIFIC POWFR OF FlIFLS 


GERMANY 


( ’OMlMmiTlON <»F 

AiH“J>u¥ Coal. 


C. Upper Silesia Coal 

1. Grube Deutschland 71 .00 4 , 1 7 . 17 ! I 'iB! 1 44^04 OB 

2. Gottcsber^fer Viktoria (run of mine), . . B1 . 12 4.24 4.01 i 2i t 6 BbOl ^2 

3. Giii(lof?rube 77 . 70 4 . B5 1 0 . 07 0 *»'/ 1.67 S OS 01 2B 

4. Grul)e KOnif];in Louise 70.60 4 10 B.77 \ .SI 2.2B ii 4BB5 24 

5. Mathildenj?rube 7B 1 1 4 . 70 0 . B7 0 7S 2 OS 4,1201,61 

6. PauUiSfi:rube 71 , 06 4 , 40 I S . 1 6 I , 4 1 I OS 1 1 2 04 01 

7. Schacht Vereinlf^t Feld 70.17 S. 1 7 0. 10 i 26 B.H S.B/BSioo 

D. Saxon Coal 

1. Kaiser/rrube Gersdorf b. GclHultz 71 ,4S 4 76 10.06 f , 10 B.Ot 1 SI B7 S7 

2. Vereinifft Feld llokwa-irohndorf 74,61 4 07 0.60 1 BO 1,SC) S 10 01 00 

3. Zwickau-Oberhohmlorf Wilhelm.schacht. 71,01 1,11 11.17 0 61 1,6Bi 1 22 01 iO 


E. Upper Bavaria Molasses Coal 

. Haualiamer Lar^?e Goal IB , 0 1 4 

. Miesbacher Goal 1 1 . 02 1 

. Penzberger (run of mine) 47 . 7B i 

F. Saxon Brown Coal 

“ Alfred ” near (’allx^ a. H. . . 41 .41 1 

“ Bach ” near %i(d)lngeri 11,01 2 

Meuselwitzer lU»vler “ Kortschritt . 44,47 1 

Gnadenhtittc b. Klein-Mahlingmi 17,16 1 

“ Greppen ” 41, 17 1 

“ Ijlitzkendorf 1112 2 

“ Marie Louise ” 41 40 1 

G. Peat and Lignite 

Peat, “ Pschorrscbwaige , . , ib. 76 1 

Compressed Feat, “ nofmark-HtcInOds ” 49.11 4 
Ijlgnlte, Josefflzechci in Hchwamoikircbcn 2B.B0 2 
Peat, “ Ostrach 45.91 4 . 

H. Coal Briquettes 

Dahlhaiisen Tiefbau. B1 24 4 

Haniel k ( k) 81 96 4 

Hugo Btinnes, Htrassburg. , . BO HI 4 

Stachelbaus k Buchloh B2 69 4 


42 12.02 4.B7 7,1711.11 70' 12 
71 11.44 1,1117, 12 «,46 74 42 
HI 10,02 1 24 10. IB 22.01 67.77 

29 9.H4 2 12 16 26 7 OB 16 66 

16 11,20 0 00 41 II I 00 12 6B 

67 14.60 I 71 27 H B 12 64 11 

10 0.62 I 66 IB 6B 9 49 11 B1 

21 17. 14 I 01 22 B1 1 1 06 66 09 

79 9.42 1 B7 47 41 1 II 47 20 

71 10.72 I 19;20,27 7 29 61 44 


J, Brown-coal Briquette® 

Stempel “ FUrst Hlnmarck . , 


WOrM-Brikett G*** Use, Bergb.»Act.-GeH. 

In Gross- Raflclum-Htuiftenberg. ...... 11.91 4 

Wtirfel-Brikett H*>' Hechenberg k Gle., 

Gruba Marlengldck ... It 74 4 

Stempel *' lUmiU ” 11 71 4 

Gewerkschaft “ Bchwarzenfeld 48 20 4 

Stempel “ Siegfried 11 66 4 

Zeche “ Waldau '' i 10.97 4 

K. Gas-coke 

" Consolidation ” (Ruhr) 81 I8 0 

;; Rhein, Elba imd Alma ” (Ruhr) 81 ,10 0 

Ewald ” (Ruhr) 80 68 0 

Bonlfacius ’* (Ruhr) ! ; . ! . ; 82 01 1 

82,91 1 
88.08 0 
86,11 0 


66 21.27 0 26 29.14 6,9161,91 
,48 24.07 0 19 16.47 1 , 28 7B 21 
.14 9,11 2 b; 40,.11-11 BO 41 76 
.70 29.18 0,6} I4.06j 1.12 80.42 

01 1.11 I 26 1.06 7,2691 ,.68 
.11 I.NO.BB 1,77 8.10 00.11 
,41 4. 82 I 10 1.76 6,01 0} , It 
10 1.60 1,16 2.10 6.1191,71 

,66 11.21 2.28 11,77 7.71 76,10 
07 1 9. 14 0 , 78 1 4 , 77 1/11 79 90 
24 18,17 I .00 18 91 1 10 71 11 

■ I 

¥1 I*!** f *i«i»«.26.18 12 71 21 
42 ^«|n.6li 9,94:/6 41 

20 11.21 2 . 12 16. 1?!! 0.49; 72 94 


“ Camphausen (Saar) 
“ Heinitz " (Saar). . , . 


Heinitz " (Saar) 

KBnigln Louise ” (Upper Bllasla) . . . . i 


70 4.04 0 87 I 791 7 42110 79 

81 4., 80 0 88 I 71 j o 10 91 79 

90 1.74 I 17! 2 lUn.|«B6 49 
07 1.61 1 02- 1 II 10 74 'm 71 

78 2,81 0 ml 0 96,- 6 1/92 12 

14 2,0110.96; I 71; 6 4 1 89 86 


Dulong formula for calculating hcat-unlti (Verlmfidfiffirmrli: 
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(Umtinued. 


('.OMPOHITtON OF 

ruUK C-OAI^. 


('aloiukh (Uloiiieb of 

OF l'’UEJL. COMBUSTllJLK. 


7S.7() 4. HO 

HH. 64 4.0 4 

HI. 29 S.2() 

82. S.04 
8*4.64 5.02 
77.91 4.64 


18.29 1.21 
5 . 49 I . '44 

10.80 0.61 

10.29 1,84 
10.54 0.80 
15.97 1.48 


61 .60 6.01 10.92 1 .47 


62.00 5.46 10.55 1.99 
61.58 5.74 12.00 0.68 


65.73 

62 . 29 

32.69 

8 1 . 46 

74.63 

16.89 

7 \ i8 

58 .'70 

26 54 

67.82 

63.50 

30.13 

64 19 

6 1 , 07 

33.86 

60 . 50 

54.63 

.3 1 . 36 

59.75 

56 23 

31.34 


7 446 7429 


7162 71 69 

7292 7299 


6891 7254 1 

8462 8365 2 

7895 7983 3 

7847 7637 4 

7866 793 1 5 

7112 7180 6 

7994 7966 7 


7805 7769 I 

7893 7901 2 

7856 7864 3 


73.14 5.57 15 15 6,14 56*50 44.19 36.1 4 5623 5623 

69.77 5 04 18 06 7 14 45 45 46 89 37.53 4836 4851 

70.50 5,65 16 12 7.74 55 14 44 08 34.69 4655 4710 


7144 7144 I 

6512 6532 2 

6959 7040 3 


73.08 5,81 
68.20 4.86 
68.89 5 69 
71.70 6 54 
65.62 4.92 


17.47 4 74 
25 06 1 88 
22.76 2,66 
18,56 4.20 
26.54 2 92 
19.96 8 20 


71.57 5 88 (6.89 5.66 


30 35 23 27 33,49 
26 44 24,45 28.2 4 
45 59 27 27 47 28 

28 40 IH 81 44,02 

48 51 27 45 48 64 

24 98 19.64 27,57 
44,90 27.61 35.83 


7068 6987 1 

6072 6046 2 

6471 6541 3 

7112 7058 4 

5854 6063 5 

65 36 6574 6 

7032 7085 7 


60.61 5.72 3 4.26 0 41 29 60! 22 69 41 26 

63.02 5.7 3 30.76 0.49 41 25! 25 97 52 28 

65.81 5.81 21,82 6.56 44 001 18 11 25 65 

57. n 5.84 46.29 0.76 44.161 27.64 52.78 


5 383 5407 1 

5661 5704 2 

6385 6421 3 

5024 5070 4 


90.79 4.42 1.41 1 38 84 78 77.52 14.16 

90.94 4,60 4,48 0.98 85 60 77 50; 12.64 

88.55 4.87 5 28 1 40 76 45 69 42] 21 89 

90.1 4 4.47 4 92 I *18 8 4 ‘#2 77 77 14 98 


8546 8542 1 

8593 8671 2 

8429 8454 3 

8491 8539 4 


71,05 6 09 19,88: 2 98 49 , 42.14: 44 36 

1 { 1 

70.00 5.09 2 4 95! 0 98 I 40.17 44 84, 45,06 


69.98 5,84 


69;8« 5.76 


24 58; 1 , 42 I 38.92 4 3.42, 42 , 1 3 

22, 1 5 2,04 , , . .... 

22 24 4.18 49,40 40,881 40 44* 

20 40 4 38 40.781 30, 841 45 57 

20 91 4.45 40 09| 19 60| 4 3.34 


6876 6787 I 

6301 6243 2 

6318 6217 3 

6610 6634 4 

6491 6438 5 

6784 6910 6 

6659 6616 7 


91,82 0 77 4 45' 0,96 98 001 90, 5o: 0 21 6967 I 7057 7686 7785 1 

92 93 0 88 5 2 li 0,96 96,25 89.75; 2 04 6982 7071 7617 7716 2 

95.28 1,04 4 I2i 1,36 95.16' 91, 9Hi 2.51 6675 6716 7734 7781 3 

91 50 1.22 4 12 1 16 95 , lOj 84.56] 3.17 6841 6851 7808 7819 4 

94.28 I 14 2 96 1,62 95.41| 85,14] 2 80 6935 6936 7899 7900 5 

95 20 0 84 3 08 0.88 98,301 91.781 0 74 7271 7268 7865 7862 6 

96] 09 0,60 2 21 1.08 94,34187 931 1,93 7080 7111 7901 7938 7 


8100C f 29,00o(ll « 3-25008 .^-600 W. 
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CALORIFIC R)\VF;R OF FI KUS 
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CALOIUFIO POWKH OK 
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CALORIFIC FOWKR OF FUFLH 


COLLIERY REFUSE 

R. S. Fernald, discussing l.lu^ us(' of l()vv-gnid(‘ fiu^ls in p]urope, 
gives in Technical Paper 123 of the IJ. S. B\ir(‘au of Min(\s jinalysc^B 
and calorific values of colliery refuses Th(‘ n^fusc^ (‘ontuining 
shale and coal is crushed, mixed and washed and tlun us(h 1 in 
gas producers. Sampkvs of tlu^ fiu^l mnv analy;^(‘d al Pureau 
of Mines with the results given in the accompanying table: 


ANALYSIS AND C^ALORIFIO VALUE OF REFUSE FUEL 
Ah 'I’akion Di'mi* 


Condition of 
Samploa. 


As received .... 

Air-dry 

Moiatiire-free . . 
Moisture- and 
ash-free 


PiioxrMATi'j Analyhih. 


6.99 

3.55 


16.37 

(9.05 

19.75 

44.93! 


22.52 

23.35 

24.21 

55.07 


52. I2;().56 
54.05 0.56 
56.04t).6() 


Ul.TIMATM ANAUYHm. 


.36 


r: 

o 






3. 17 29.73 0,71 
2.67,30.63 0.74 
2.57‘31 ,97 0.76 


(’Ai.onmc 
\' Al.VK, 


10 13 3.6 2614 

('3,7li . . .;2916 
6 06 . , i 3026 


[ ,73;l6 33 


i6664 


H 

» 

5,065 

5,252 

5,447 

12,191 


Aj<tku Wahiiin«i 


As received .... 

5.86 

28.75 

Air-dry 

3.25 

29.55 

Moisture-free . . 


30.54 

Moisture- and 

.... 


ash-free 


41 ,34 


] 

40.79 

24.60 

III! 

1.1114,41^6.17; 

41.92 

25.26 

I.16U.22 57 73 

43.33 

26. 13 

1 .20 

1 99 59.66: 

58.66 



1.62 

j5.4o|«0,75| 


.10jl1,29 2,7|5461 

9,669 

, 34 10.27: . . ,55615 

10,143 

.16 7.64: . , ,15624 
! 1 

10,463 

.67 10.15^ . . . 7664 

i i 1 

14,191 


LIONITE 

From an industrial standpoint, lignitn is of conHick'rahlf impor- 
tance. It occurs in most (tountrios, and is ustul in a gr(*!it many 
for domestic and rnanufacturinf? purpow's. 

As a fuel it is inferior to coal, Ixung less (listantly removeui 
from woody fiber, and hence contains more hydrogen and, UHually, 
considerable water. Most of the latbsr, howc'vcr, drii'H <(Ut on 
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expoHure i<> ilu^ uir. !ii some <‘ast‘s as nuicli as 40 or 50 per cent 
of water is found in tlu^ fn^shly nuiual lignite, of which at times 
20 iK‘r camt nauains wluai air-dri(*d. This gnaiily alTca'ts its value 
as ru(4; still it is uscal in many of th<^ W(‘sterti Stat(\s, and also 
in Mur(»pi*. In sonu* lairoptain localitu'S, when thoroughly dried 
and (‘ompr(%ssc‘d into blocks, (‘spcaiully in Italy and Austria, it 
is UH(aI as fnci for producing gas and for (‘vaporating, with good 
n'sutts. In Austria it is burned without any prc'paration, except 
drying in t!u‘ air, f<»r h<*ating salt-pans. 

Tlu^ amount tjf ash varies (*xe(M‘dingly, being in some eases 
as low ns 0.9 |ht ivnl, and in otlua’s as high as 58 per cent. It 
even varit^s in tht» sanu^ locality and in tlu^ sanu‘ IhhL In Inirning 
lignite^ tlua‘t‘ is c*onsiderablc‘ loss in lla^ waste gas(‘s on a(;(a)unt of 
tlu* larg(' {fuatitity of air intnalueed, and also from tlu^ moisture 
earrusi olT frmn tin* fuel. 

lignites (»f WVstern Anaaaen nsstanble the ^M>rown coals 
(4 I*Iuro|H‘ in hohling a large nmomd of water. The per(‘ei:itage 
rnngc*s from 4 to 20 i«*r etmt, Inang from 12 to 15 per cent in most 
east's. Tht' }H*retmtng(‘ t4 ash is from 2 to 9 pta* cent, while sul- 
phur is g(‘nc*rally below I e(‘rd. Texas lignitt's, according to 
Bullt'lin IH9 <4 the rniversity of dVxas, range' from a h'W per cent 
of fixt'd enrboti in nearly 45 t>('r (‘eii(,and with from 30 per cent 
V(4atilt' mnttta* t<t mort' than 7<i |M‘r et'nt. Tlie following analyw's 
sliow tlu* t'xtnmu' range of eotnpt»siti<in and the average of fifteen 
mint' sample's: 
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Anotht'r series of 23 samplt's rewivt'd from mining companies 
gave iiKast un» 7.3 to 37.3, nv. 25,2; volat-ilt' matter 20.3 to 45.6, 
av. 37.6; fixetl t'lirlaai 21.1 to 3tS,9, av. 28.5; ash 4.8 to 6.1, av. 
8.8. B/r.tl. |M»r lit. as rfH*eived 6291 to 10,411, av. TtlCIl B.T.IJ. 
P‘r 11 k 
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CALORIFIC ROWER OF FUEliS 


Brix published the following i'csiill.s wil.h di'icul ligniUi; 


Water Kvap- Per Cmt 
oratiMl. AhIl 


Lignite of Aussig, Bohemia -r).8 lb. 15.0 

“ Perleberg, Bohemia 5.() 0.0 

Goldfuchs n. Frankfort 5.5 9.1 

Rauen 5.4 0.3 


Bunte used two kinds of lignite in boil(‘r-((‘s(s, and gives 
the following results: 

N«‘UH:i(tol. (’hoilan. 


Calories in steam 42 . S 49 . 2 

gases 19.0 21.0 

“ aqueous vapor 9 .2 S . 7 

“ ash 9.0 O.l 

unaccounted for 1 9 . -1 15.0 


The grate used was a step grab' (Tn'pptm-Hosi). 

The lignite used on the railways in Italy (‘ontained 15 ptu* 
cent of water, and gave a yield of heat (‘tpial to (yiu'-half its weight, 
of coal. 

Analogous to the lignites are certain shak's cyr ftyssils (‘arrying 
bitumen. They are Honudames ternuHl boghead eanael, hitumiiioas 
schist, etc. They an^ distilled in stynu' l(yt»aliti(‘H for (yil, but- art* 
hot much used as fuel. 

Bunte determined the heat of combustion (yf a Hainple from 
Australia, and analyzed one from Scotland. 

(’arbou. <y I N. 

Boghead'shale, Australia ... . K3.17 10. (M 0.70 OEM 

Scotch Boghead 81.54 11.02 0.K4 

Scotch Boghead usually contains 18 fo 24 |H'r cctil of ash. 
From its analysis as above, its heat of coinhustioti .sluailil In* 
near that of the other one given. 

Burning Lignites. (E. J. Babiiock, HulUiin 80, II. *S'. Hurmu of 
Mines.) Lignite is commonly burned with t,(H> higli a jHTcenlagc 
of moisture. As taken from the mine it usually conliiius more 
than 25 per cent moisture and should be seasoned and broken 
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into Ininpa of uniform sma,ll siz(^ Ix'foix^ bcin^ put on the market. 
If tills Is doiu' Ix'fon^ tlu^ lignites Is allowed to dry the loas in slaek 
is miK^h r(Mlue(xL A s('ri(\s of analyses to d(‘t(a-niin(^ the effect of 
w(^ath(‘rin|i; showtsl that at t he (aid of a. 14-day period the moisture 
ha>d Ixxai nxluccxl from dd.f) t.o 12.52 pia- ccait; volatik' matter 
had in(T(‘a.S(Hl t.o d4.<S2 from 25.5 and hxcxl carbon had incivased 
t,o 4t).05 from d5 pin* c(ait . 

Thi' propca* combustion of lignite (h'pcauls on the size of the 
lumps, its structui’(‘ b(‘ing such as to giv(‘ abundant air surfaexa 
In addition thi‘ draft should b(‘ (‘asily controlkMl a.nd capable of 
b(‘ing (*los(‘ly shut down wluai it is (k^sinxl to hold the fire at a 
nlativ(4y low lusat. 4'lu' tin' box should lu^ reasonably w(‘ll 
rilknl, but firing should b(‘ doiu^ fnxnuntly by thc^ appli(‘ation of 
thin layi'rs of fuc*!. (tinkca’ and ash should not b(‘ allovvcxl to 
a(HUimulat(‘. 

Producer Gas from Lignite. Productu’ gas mack* from North 
Dakota lignite^ during th(‘ Worlds Fair at St. Louis in a modtt 
produ(‘('r gas plant op(‘rat(‘d by the (lovdauniuit sliowed most 
satisfa(4ory results. 

dlu* labk‘ hennsith shows th(‘ (‘omposition and (*nIorific valu(‘ 
of producer gas madi‘ from siwcral dilTcrcnl grades of lignites: 
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of iwiuity-fivc rcprcHcntalivc lignitc^s in(4uding those 
from Kortli Dnkotig .Moiitaiiii, (olorado and T(‘xaH were made 
by till* riiifed States Biirenu of Mines and showcnl a yield of 
mifiiiritied gas niiiging from Li37 eti.ff. to 7K25 euii. |M‘r ton 
of air-dried lignile. The ealorifie vnlu«‘ of fli«‘ gas ranged from 
4H7 id 2H5 Il.T.r. pr*r eubie foot. Th(* avtaiige of the twenty- 
five tests WHS a yieltl of lUiUH viUU of gas |M*r ton of air-dried 
lignite iiiiil n erilorifir viiltie of lilMk jM»r eutiic foot. 
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CALOKIFIC rOVVEJl OF FUELS 
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Peat is partly decomposed, and (Usintop;ratod vegetable matter 
that has a(unimulat(‘d in any phun^ where the ordinary decay or 
decomposition of any mat.(a*ial has Ixu^n more or h^ss suspended, 
althougli the form and a (jonsiderable part of tlui plant structure 
are mon^ or l(‘ss (h^st.royc'd. It is fornuHl by i.lu^ agglomeration of 
vegcitable Mhris, a, ml r<‘tains a large amount, of watca*, which will not 
separate witrhout. lu'aX. It<s c.omposition varices but little from that 
of wood, the principal ditT(‘r(‘n(*.t‘. Ixang hnss oxygen and more carbon. 

Th(^ (K)mj)OHition may be represented l)y“— 


darbon 60 

M^alrogiai ... . (> 

Oxygen and niii* . 34 


100 


Th(‘ h<‘at of combustion is lower than that of coal or lignite, 
as might b(‘ (‘xpc'ctcal. 41u* (luantity of hydrogen exceeds that 
necessary to form Wiit(‘r with the; oxygem. 

It is usually drical la^fon^ using, and when dry becomes quite 
j)orouH. It, carries, how(wa‘r, in this slate some 10 to 15 per cent 
of wahn*, which can b(‘ (^xpcdlcal only by artificial means. Large 
quantith‘s of it- arc* convc‘rt<‘d into charcoal in spcnaal kilns, and, 
wlunn^ the larger amount of ash is no ohjeadion, it makers a good 
fu(h It cannot b(‘ uscal for nudallurgical purpostxs on account of 
its friability. Fnan 30 to 40 p(‘r cemt of its wtaght is left in the 
charcoal as (airhon, but nl tla^ Hamc‘ time tht‘ ash increases to 
If) to 25 p(*r cc*nt, and (*v(m mona This consists primapally of 
phosplmtes and sulphahs, with vtay little carbonates; hence it is 
not as apt to clinker as otluT fuel asheu 

The* cailorifh* vuliu* of a givtm ixait sampk* in ttaans of theoret- 
ically dry pcait may be* approximahdy nalutHal to t hat of any desired 
water contemi tnd wetm 0 and 30 pt‘r ccait hy dedueding I fx^r cent 
from tlx^ f labored ieal valm^ for «wh 7 ptu’ ecmt of moisture present 
Thc^rmal valut* of dried peat can lx* determiniHl from the thermal 
value* of ptati witli a giveai |x*r<a*ufag(* of moisture* by the formula: 


(kilorifie* Value* ns analy5'»e*el 
100 — % of ILO found by analysis 

urc*-frc*e* p(*at. 


l(X)-(]alc)rific valuer of inoist- 
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CALORIFIC POWER OF FUFOLS 


Bulletin 16, U. S. Bureau of MineK, presen(H a (able giving th(i 
calorific value of the coitimon typc^K of fiu^l as compared wiF.b 
several varieties of air-dried peat. This l,al)l(i is eond('iis('d Ixdovv; 


EELATIVE VALUE OF X>EAT AND OTUKH KIM'a.S 


Tyi)C of Kiio-l. 


Graphitic anthracite from ChaiiHton, U. I 

St. Nioholafl, Pa 

Seim~arithracit(‘, Spadra, Ark 

Semi-hituniirioiiH, lOnnKs, W. Va 

Pittsburgh bituininouH, G-onneUHville!, Ihi 

Lignite, Olaen, Texas 

Brown peat, Fremont, N. 11 

Light brown fibroua peat, Hoehibster, N. II 

Dark brown fibroua peat, Westport, ronn 

Brown fibrous peat, ( 'ieero, N. Y 

Brown fibroua peat, liaMartine, Wia 

Salt marsh peat, Kitb^ry, M(‘ 

Brown sandy peat, Kent, ('onn 

Black peat, Now York State. 


( 'altu'icd. 

u/r.F. 

6 1 ()<) 

1 0,006 

6B7() 

12,166 

6022 

12,460 

70 B) 

14,200 

7^25 

1 L165 

4172 

7B70 

5161 

0200 

5042 

ooai 

4772 

8500 

4200 

7576 

4140 

746B 

4066 

7110 

1201 

5024 

2H67 

5161 


The characteristi<^H detcTinining the fuel vuhu* of pi'ut. an' t lui 
ash and water content, (Ic'grcHi of decomposition, density and color. 
The heating value diminishes nearly in proportion to tlie (juan- 
tity of ash and moisture prc'W'iit. In genc'i-al, tiiK'r-grained com- 
pact, dark-colored jEUits ar(^ b(d.ter t.han those* of coarse, fibi-ous 
or woody texture. 

Freshly dug peat from umlraiiKal de'posits may eonlniti as 
high as 90 per cent water and !us low ns .*1 per cent earbonae'*ous 
materials, together with a highly varial)l(e pens'iituge* of asli. 
Freshly dug wet peat luus sue'h low lieating vidue that it must lx* 
partially dried before it can Ik* l)urn(*d. I*erf(*(*(!y (lri<*(l p(*ul of 
good quality can be buriu'd in a large* eetnibusliem e’lnimbe*!* with 
ample draft to ehivelop a tempe>ral.ure* eif alKiul, ■KKK) ele*g. I'ahi'. 

The water content of air-drie'el pe*at will vary e*etnHiele*rubly 
according to the seuison. The le)we'Ht limit eif mexislure* in the* 
central part of the Unite.el Stahw will jirobaltly be* at le*nst, H iH*r 
cent; while on the New hlngland cexast it will range* in the ne'igh- 
borhood of 25 per cent. 

Peat of the heavier and denst^r qualitie*H fre'shly end. fre)in 
vndrained beds weighs from 70 to 75 Ih. jx'r enihie* feieit, while* 
continued drying in sun and winel will eleicrease! it« we*ight te) from 
8 to 25 per cent of the original quantity. During the* elrying, t lie 
peat may shrink to 'A of it original hulk. 
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Th(^ followiti^ table shows the effect of the moisture and ash 
on good and poor peai,s: 


Ash, 

Wate‘.r, 

(hdorihe Vahi(\ 

e(‘r (h'ut. 

e(‘r Ooiit. 

I)(‘r LI)., B.T.IK 

Frcc! 

er<s‘ 

(e),726 

4 


10,297 

4 

1 1 

9, 11 7 

4 

15 

8,68ft 

4 

25 

7,615 

4 

}() 

7,079 

4 

5() 

4,914 

1() 


9,651 

2ei 

Knsi 

H,5ai 

H) 

15 

ft, 045 

u) ! 

2e) 

7.50ft 

li) \ 

15 

6,971 

20 

zo 

6,416 


' 

- 


Tlu^ on page* l\'A giv(‘s thc^ analysis and (‘alorific values 
of various fon^ign inads. 

Brix oblaiiHHl with pcait an evaporative^ pe)\ver e)f 5.11 lb. of 
watea*. 'The* peait usesl was from Flaie)vv, and eontainenl 10.7 per 
(•e‘nt of ash. Anothea*, from Bue‘hfe‘l(l"Nenilange'n, (‘e)ntaineel 1.2 
p{*r eeait of ash, and gave* *5.12 lb. e*vape)ratie)n. Ne)ury, using a 
spe*(aal grate*, oblaine‘el from tiie* AIsae*e pe‘!ds4 io 5 lb. evaporation 
(ashe‘s tle‘due*te‘d). 

Hunte* unalyze*el the* gases produex'el by the ee)nibustion of 
pe*nt on the* h(*arth e)f a salt-pan, and found: earbotuc acid 13, 
oxygc'U tl'b nitnige*n HO.tK 

(’reioke*.s anel He»hrig, in ttu*ir Metallurgy,'’ say “ One pounel 
of dry turf will e*vaporate* 0 lb. of \va.le‘r. Ne)W in I lb. of turf, 
as UHteally foiinel, th(‘re* arc* ’V^ lb. of dry turf and f .| lb. of water. 
The* ‘Vi lb. earn e*vapornte* *bj lb. e)f wntt'r; but e)Ut of this it must 
first e*vaporalt* the* V* 11). of wal(*r t*ontaine*d in its mass, anel hence 
the wat<*r l)oiIe*d away by sueh turf r(*due*(*s to 4| lb. The yielcl 
is he*re redue’<*el 30 pe*r ee*nt, a proportiem whic‘li umkes all the 
difTi*re*nc‘<* be*twt*c‘n a geanl fu(*l and one* almost unfit for use. 
WlH*n turf is drietl in the* air untle*r ee)v<*r it still irtains Vio of its 
weight of wat<*r, whic*!i r(*due(*H its ealorifie* pow(*r 12 per cent; 
I lb. of HUeh turf e*vaporat(‘H fi| lb. of waite*r. 

It is evid<»!it from t!i<» above tal)k* that hut little* appreciable 
ehangt* lias Imen maclt* in the lieat value liy the diffc*r(*nt kinds 
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of treatment and therefore, exc^ept for ihc p:r(viier (H)rnpa(‘4iK\ss 
and hardness obtained the cost of I)ri(iU(‘tin^’ is not. justituMl. 

Peat Coke. Coke has been made from prdi. 'IIh' h(‘st 
peat coke is black and has a luster of j(d,. It. is liard and (‘ompact 
but retains the original structure of nuKun'atcal p<‘at. jixir- 

centages of sulphur and phosphorus ar(‘ usually low aud witli 
good peat the ash content is also low. F(‘at. (‘okn will givt‘ a 
temperature of about 4300 deg. Falir. wlum l)unuMl umler propca- 
conditions. This is about the same tc'inpc^ratun* that can bc^ 
obtained with good dry coal. Idu' (‘niorific valia‘ of p{‘at coke* 
ranges from 12,000 to 14,000 B.T.U. pea* ])oun(l 

Preparation of Peat. Peat is us(‘d in both <lust and bri(|iu4(nl 
form. Peat that is reduced to a powch^-cd form has a larg(‘r pfu*- 
centage of volatile matter ilian coal, burns with a hot flana^ and 
is well adapted for use in powdea* burma’s. It also ignit(\s at a 
lower temperature than (‘oal. 

Briqueted peat is clean, compact and (haise. Tin* bricpiets 
occupy less space and are more (‘asily stoned than the sanic^ wcaght 
of peat in any other form. Th(\y burn l(‘ss rapidly thati (nit or 
machine peat and hence give l(\ss trouhh^ in firing tlian do otlica' 
kinds of peat find. 

They, however, will crumble whiaa^via- liandled and an* dis- 
integrated by exposure to moistun*. Expiainuaits math* on p(*at 
from the deposit at Black Lulus N. Y., to show tht* eflVet on 
the heating value of the nu^thod of pn^paratioii gavt* tlu* n\sults 
indicated in the following t-abk*: 


EFFECT OP METHOD OF FUKCAUATtCJN (U’ eKAT 


Cliaracter of Fuel, 

Mois- 

ture. 

Vola 

tile 

Matter. 

Raw peat: 

Air-dried 


^0 92 
77 

49 8^ 
S4 97 

52.03 

5A.I7 

52.19 

5A.73 

Moisture-free 

Machine peat: 

Air-dried 

8.Aa 

Moisture-free 

DrjiPowder for briciuetlng: 

9.33 

Moisture-free 

Briqueted steam dried peat 
Air-dried 

7.37 

Moisture-free 

8.0 


[t'urhan 


7*i 
Zh 04 

21 H 
Z%,77 

22 74 
247J 

12 44 
24 19 


AHh. 


lA At 
la 19 


\7 47 
19.211 


t? AA 
19 ,10 


t7 %7 
in m 


sui 

Otuir. 


0 99 

t . Off 


0 A*l 

0 . 911 


0 m 

t 01 


II Is .XTtSii 
\ \t4 h. 


« 'ill 
iirirri 


4 I 29 


4m % 
447i 


41112 

44m 


4191 


II i',r 


nil 

Aill 

7 pm 

mm) 

fim 

mil 

7147 

«20l 
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CALOHIKIC VAUTTO AND ANALYSES OF PEAT 
(Iiu!l(‘tin No. 10, O. s. Huroaii of IDU) 


l*U()Xi M ATK Ana i.yhih. 


CUlohific 

Valuw. 


( -ONNKO'ncOT; 

( 'outity .... 
I'’airll(*ld < 'ounty .... 
LItchfloId ( \>un( y . . . 
Lltchtiohl ( 'ounty . . . 
M iddloMoK ( 'ounty. . . 
MiddU'."<ox < 'ounty. , . 
Now Havon ( 'otiuly . 
N<‘W I III von ( 'ounty . 
Now London ( 'ounty . 
Ni'W !(Ondon ( 'ounty . 
Wlndlnuu ( 'ounty . . 
Windtiam < 'ounty . . . 


l''LnmuA ; 

t'ltruH ( 'ounty . . . . . 

I hulo < 'ounty 

Dado (’ounty 

Do Hot<} c 'ounty. . , . 
Duval ( 'ounty ... 
Duval County 
IL»rnan«lo c<»unty 
Hornando County . 
Lako < 'ounty .... 
Lako County .. . ,, 
Loon < 'ounty . . 
Loon ( 'ounty . 
Polk ( 'ounty 
Polk ( 'ounty 
Putnam ('ounty 
Putnam County 
Santa Hohu. County. 
Santa Uona County. 


-M A I N r, 

AndroN«’o»u?ln County 
AndroNoofu'di ( ‘ounty 
Aroo?<took ( 'ounty, . 
ArooMtook County 
( 'undiorland ( 'ounty 
( 'lunhoiiaml ( ‘ounty . 
Hanoook ( ‘ounty , , . , 
Hanoork County . , 
KoniioLork ( 'oimt.v , . 
Konnoliook ( 'oiHity . . 
Knojc ( 'ounty 
KnoK ( ‘outity . , . , 
Dxford ( 'ounty. .... 
Dxfof'fJ Count.v. 
PoimliMooi ( ‘ounty . . 
PonotiHoo! ('ounty, 
Hornoi',*iot County, . 
Homonad County, 

M A I N K ' 

Wiwliiniitoii ( 'ounty 
U’}04tiitu?iiui ( 'ounty 
York Couiify 
York < 'ounty , . . . 


Volatile 

I''ix(‘d 

Carbon, 

6) 

.70 

41 

.58 

24 

.78 

0 

.05 

Ui 

.48 

46 

.41 

16 

,80 

5 

.71 

61 

()0 

42 

.46 

16 

.47 

6 

.08 

7'> 

. 1 1 

20 

.01 

to 

44 

to 

.64 

61 

17 

41 

,58 

12 

44 

16 

,60 

SH 

<)4 

44 

00 

5tt 

41 

4 4 

.60 

60 

17 

27 

,46 

1 1 

,42 

48 

.54 

^6 

41 

44 

,46 

50 

70 

40 

,50 

27 

, 10 

15 

.86 

48 

44 

25 

88 

56 

41 

28 

07 

21 

55 

12 

00 

67 

HO 

40 

67 

51 

61 

24 

45 

61 

07 

20 

48 

65 

20 

40 

4 4 

6l 

57 

4 4 

48 

tH 

26 

24 

85 

52 

80 

48 

20 

50 

57 i 

42. 

88 

20 

44 ' 

1 1 

00 

1 t . 

45 

6, 

81 

60, 

22 

44. 

70 

61 

67 

‘41 ’ 

41 ' 

60 

tt 

28 

80 

5H 

64 

44 

88 

6t 

M 

'4i: 

00 

66 

12 

'20' 

74 

57 

66 

44 

01 

56 

84 

10 

14 

6t 

06 

41 

21 



m I 12 M 


* Wlioro tfioro ttmn ouo atiiilyitiM from a rounty D trivtm, In tho orltrlnal tiiblft, 
till' |»i'iit« Minminii tlio nia^imuin iind tniidmum luntttmi valm* liiivo loom HtdoritHl for 
thl^ taldo. I'lir oriKinitl tiildr nlvrM valu(»tt also of iho raw rontaininij niointurts, 
Tito valui*fi iitmvo arr for iiiolf»l,uro4riHt fioai. 
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CALORIFIC POWER OF FUELS 


CALORIFIC VALUE AND ANALYSES OF mAT-^Continued 


Location. 


Massachxjstqtts : 

Essex County 

Hampshire County . . . . 
Hampshire County .... 
Middlesex County 


Michigan: 

Allegan County ...... 

Kalamazoo County . . . 
Kalamazoo County . . . 
Livingston County . . . 
Monroe County ....>. 

New Hamp.shikk’ 

Rockingham Ciounty.. . 
Rockingham County, . . 

Strafford Cmunty 

Strafford County 


New York: 

Essex County 

Franklin County 

Franklin County 

Livingston County 

Madison County 

Onondaga County 

Onondaga County 

Orleans ('ounty 

Orleans County 

Oswego County 

Oswego County 

St. Lawrence C lounty . . . 
St. Lawrence County. . . 
Steuben County 


North Carolina: 
Pasquotank County . . 

Wiroonhin: 

Ashland County 

Chippewa County . , . , 

Dane County 

Dane County 

Door County 

Fond du Lac County . 
Fond du Lac County . 

Iron County 

Kewaunee County. . , . 
Kewaunee County. . . , 

Longlade County 

Lincoln County 

Manitowoc County , . . 
Manitowoc Cmunty . . . 
Marinette County . . . . 
Marinette County . . . . 

Oconto County 

Oconto County 

Oneida County 

Price County 

Rusk County 

Sawyer County 

Sawyer County 

Sheboygan County . . . 
Vilas County. ....... 

Vilas County 

Waupaca County 

Wanpaca County 


Proximate Analysts. 


Volatile. 

Fixed 

(hirbon. 

Ash. 

58.79 

29.65 

11.56 

57.04 

14.61 

8.15 

57.51 

31.72 

8,77 

54.13 

30.69 

15.18 

42.54 

18.01 

39,43 

60.77 

12.22 

7.01 

57.54 

28.07 

14.19 

65.00 

28.74 

6.26 

60.40 

29.75 

9.85 

62.02 

29.51 

8.47 

31.00 

14.24 

54.76 

66.74 

28.67 

4.59 

49.70 

23.49 

26.81 

64,94 

11.90 

3,16 

67.10 

28 . 99 

3.91 

49.67 

14.99 

35.34 

60.37 

25.80 

11.81 

60.44 

27.40 

12,16 

64.14 

27.17 

8.69 

26.25 

10.46 

61 . 29 

58.49 

24.21 

17.10 

56.94 

12.58 

10.48 

64.29 

27,44 

8.27 

13.99 

18.78 

47.21 

55.77 

26.04 

18 , 19 

56 . 17 

24,53 

19.10 

49.91 

23 . 6 ! 

26,48 

51.88 

28.83 

19.29 

61.15 

27.02 

11.81 

57.99 

27,59 

14.42 

54.91 

27.60 

17 47 

21.69 

, 5,91 

70.40 

60.15 

i 7 ,ao 

22,05 

51.45 

27,93 

18,62 

57.98 

24.72 

17.10 

56.76 

27,10 

16.14 

59.25 

25.92 

14.81 

41 .65 

16.42 

41 .91 

46 . 6 ! 

21.10 

12.29 

55.90 

21.31 

22 . 79 

56.11 

22.99 

20 88 

52.42 

17 31 

10,25 

55.75 

25,52 

18 71 

45.60 

19 71 

14,69 

61.38 

28 26 

8.36 

59.15 

27 68 

11,17 

62.77 

27.71 

9.52 

44.59 

19,74 

15,67 

56.16 

21 82 

22.02 

56.54 

27.92 

15.54 

55.40 

21.74 

22,86 

61.28 

25.28 

n 44 

63.44 

25 39 

11.17 

54.41 

19,72 

25.87 

58.29 

25 18 

16.51 

59.21 

14 60 

26,17 


Calorific 

VALirE. 


CalorU'H. 


5079 

5171 

5126 

4815 


5247 

5570 

5077 

5106 

5086 


55 ir 

2248 

5711 

4225 


5604 

5726 

1675 

4600 

414 H 

4927 

1951 

4542 

1067 

5029 

2750 

4576 

4428 

4021 


4581 


5081 

4947 

4912 

1449 

4188 

4607 

4527 

4514 

4448 

1270 

1512 

4471 

4126 

1677 

4151 

1519 

1109 

4140 

5217 

1640 

4418 

4867 

4460 

4861 

1198 

4211 

4545 

4147 


it . T . U . 


9,142 

9,108 

9.227 

8,661 


5,845 
10,026 
9, 1 19 
9.551 
9,155 


9.920 

4,046 

10,280 

7,605 


10,087 

10,107 

6,615 

8,280 

7,826 

8,869 

1,515 

8,176 

5,521 

9.052 

4,950 

8,217 

7,971 

7,241 


8,249 


9,146 

8,905 

8,842 

2,608 

7.898 

8.291 

8,149 

8.161 

8,006 

5,886 

6,158 

8,011 

7J87 

6,619 

7.815 

6.114 

9,196 

7.812 

9.191 

6.552 

7.952 

8.761 

8.028 

8,751 

9,156 

7,581 

8.181 

7.465 



CALORIFIC VALCF-S OF FOREIGN' PEATS 


PEAT 
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Irdtiid dryi. 59. M 6 00 30.00 4.00 ..... 5700 10.260 : Bert helot and Petit 
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CALORIFIC POWER OF l^UELS 


COKE 


Coke is generally obtained from three sources: by tlu^ (h^strius 
tive distillation of gas-coal, in gas-retorts; by (h'st.nudivc^ 
distillation of gas or ordinary bituminous coal, iii special ov(ms 
of the beehive or by-product type; from pc^trolcnim, bcang niadc^ 
by carrying the distillation of the rc'siduuiti lo a, nnl luait. 

Coke from gas-works is usually soften* a.nd uiore^ porous than 
the other kinds, burns more readily, but doc's not giv<^ as inUmse^ 
a heat. It has had consid(n*al>le use^ for donii(‘sti(*- luxating, and 
in factories where a high heat is not luu'dcHl but. vvIuuh' a smoke^Iess 
fuel is desirable. The oven coke is usually in la,rg(^ (‘oluiunar 
masses of a close texture and (piite liard. It has a d{‘ad gray- 
black color and is not susc(^I)til)le of polish. It is pnn(*i|)a.lly 
used in furnaces requiring a blast, although limited (iuantith\s 
of it have been used in domestic heating, for which purpose* it must 
be broken up much finer than its usual siz('. Ikdrohnuu (‘ok(* is 
generally in large irregular lumps, p(U'forat(‘d with (‘aviti(*H of 
greater or less size, the interiors of whi(*h an^ usually (pnt(‘ smooth 
and shining. Its color is l)lacker than that of gas or ovcm eok<*, 
and its hardness iniermediate. It is used principally for making 
electric carbons, although considca-ahk* (iuantiti(‘H an* UH(‘d for find. 

With the exception of gas-cok(* littk* us(‘ is mad(* of this fu(*l for 
steaming. In all cases pkuity of air is ikhmIchI to kvvp up th(‘ com- 
bustion, which is also a drawback for sttniming purposc^s. For 
metallurgical furnaces, however, it is almost t lu* idc'ul find, giving an 
intense reducing heat at just tlu* part of tiu* furnac(* wlien* it is 
most needed. Oven coke has l)(*(*n uscmI in cupolas and blast fur- 
naces for years. It is superior to anthnudtn, as it has im tendency 
to splinter and crack witli the luait, and Ixairs its Imrdim vtay wtdl. 

Coke is essentially carbon, and the mirH‘ntl p(»rtioim of the 
coal from which it is made. It also contains small qnantitii^H nt 
hydrogen and nitrogen. The percentage* of ihvm\ howc*vt*r, in ho 
low that the calculatexi and e)bHeuweHl lu^at-unit s are* UHually wit bin 
the limits of error shown in the* fedkwing tabic*: 


Name. 

G. 

H. 

N. 


C'iiU»rifH 

eawcrviHl. 

( *ah»ri#*» 

Saarbruck 

98.04 

0.73 


1 .23 

8200 

8229 

Petroleum coke. . 

98.05 

0.50 

6.25 

1.20 

8057 

8t5t 

Graphite 

98.98 

0.02 



7901 

8054 


Authiirit> . 


Mahlw 

I4i*riht*a»t 



COMPARATnX ANALYSES AND HEATING VALUE OF GAS-COAL AND COKE 


COlvE 
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hf, 3 . ‘n m 

S Si "S H 


2 *1 -a H ^ 

!C ^ ^ 


As rteeired . , , 2.46 6.25^ 3KI8 ! 60.11 ? 0.43 { !3.885 12.43 f 10.09! 0.92 76.56 0.36 (1,210 

Dry.... " ...... 6.41 ; 31.97 | 61.62 J 0.44 ; 14,234 i 1L52i 1.05 87.43 0.41 12,802 
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CALORIFIC POWER OF FUELS 



T^e coa-j hft^i m ww tfc? fmMm from the manufaciure of lllumleatfc^ gzs. The eoke as drawn was quenched 

a*,#wr4 lo »lar.<l in inr h'^zgv tm three days, when the moisiure was deiermined. As the coke had to he drowned to prevent Ifc 
€aie4.in£ Sre^ tm taw hut lliile ¥mltie In shoming whai moisiure coke will retain under normal conditions. The 

asa^Tsis gI th.a diy e^ke the coke as drawn from the relort- and before quenching. 
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CALORIFIC POWER OP FUELS 
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CALOEIFIC POWER OF FUELS 


COKE BKEEZB 

Coke breeze has been used in lOngland as a ffaa producer fu(‘l 
for making gas in firing brick kilns. ':rhc <^oke ran alxiut U) p('r 
cent ash, and in size was about as follows: through '/Vin. nx'sh, 
40 per cent; between Va and 'A in., 19 rx'f ct'nt; Ik'Ivwh'u '/i and 
Vs, in. 14 per cent; less than ’/s in., 27 p('r (•('.nt,. 

The accompanying table gives the analysis and calorific value 
of the coke breeze as determined by the U. H. Bun-au of Mines 
and reported in Technical Paper 12:i. 


ANALYSIS AND CALORIFIC VALITK OF ('OKK UHFFZF 



' 

Puox IMATK 




Vim 

MATK. 



( 'a* 




Analyhih. 




Anm 

.VHW. 



V; 

vi.rj:. 

CoTidition 










tv 



of SarnpU*. 

(U* 

B 

tw 

o 

olatile 

Mattel 

ixed 

Carboi 


M 

s 

1 

23 

Qu 

Ui 

XS 

ri 

o 

£ 

d 

4 

lU 

d 

% 

W 


‘PI 

■js 

u 

H 


Pi 


Pm 


m 

W 

U 

Yi 

O 

< 

W* 

m 

As received . . . 

10.77 

4.92 

72.26 

12.05 

0.79 

2.37| 

7L 16 

0.92 

10.71 

10, l 

6200 

1 1.160 

Air dried 

0.73 

5,47 

80.40 

13.40 

.88 

1 .391 

81.39 

1 ,02 

1 .92 


6897 

12,414 

Moisture free . 


5.51 

80.99 

13.50 

.89 

1 .31 

81 .99 

1.03 

1 .28 


6948 

12,506 

Moisture and 













ash free .... 


6.37 

93.63 


1 .03 

1.51 

94 . 79 

119 

1 .48 


80 H 

14,459 









! 


WOOD (’HAKCOAL 

Wood charcoal, made by th(^ divsiructivt' distillation of wood, 
always contains quantities of hydrocarbons which have* n^sistcnl 
the action of heat. So-called forest (diarcoul, luadt* by burning 
wood in heaps, contains more hydro(*arbons than (‘har(‘oal made 
by distilling wood in retorts. 

The heat of combustion of clianaial is (juiti^ variable*. A(*cord- 
ing to Berthier* commercial wood charcoal (‘ontains 10 |)<*r ct*nt 
of volatile matters and 2 per cent of ash ((‘arbon HO to 00, hy- 
drogen 1.5”-4). 

Pure wood charcoal was first tested (‘alorimt*t ric*alIy by Favre 
and Silbermann, and since then by sev(*ral t*)cpc‘riin<aiterH. To 
obtain it pure it was calcined strongly and tmiteil with chloriia* 
to remove all traces of hydrogen. In this state wootbcliartaml 
produces under constant prcmirc 8080 (‘alories, ac*c*ording tn Favre 
and Silbermann; with constant volume Bertlu'lot and Pc*tit ob- 
tained 8137 calories. 

* Tmit6 dcs easais par la voie stVdia, VoL I, 
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Several years ap;o Berthica- pointed out that half-burned char- 
coal, charbon roux or liothkohle, was superior in combustible con- 
kait to that pcai’c'ct^y hunu'd. Sauvage has confirmed this, and 
gives the following results: 

10 () lib. of VV()()<1 1 ) HourH. 4 UourH. 5 Hourn. IIonrH. 6U Uoura. 

cliarn^d for . . . I Oharcoal. 

f>'>.4 n>. 

100 (‘ii.ft. nu'iiHurod H6 <'U.rt 

and I (‘U. ftu wood cont.aiiuHl of comibustible matter 908 parts. 


I eu. ft. 8 Iiours' heating 883 

1 (di. ft.. 4 904 

leu. ft. 5 ‘V 1133 

1 (‘U. ft. r>l “ 1091 

leu. fl.Oi 1130 

I eu. ft, ehan’oal 1009 


The amount of c’ombustihle matter does not increase after 
f) hours’ h(‘ating, and a eontinuama^ of the luait beyond that period 
(liminisluNS it. 

'Tlu* principal us<‘ of (‘hareoal is in iron blast-furnaces, where 
it has b(u*n used for y(‘ars, and produc’tss tiu' highest grades of 
iron, Inang frt‘(‘ from sulphur and pliosphorus. The amount of 
iron produced by uu'uns {»f it, hovv(W(‘r, is insignifu^ant in com- 
parison with tlu‘ amount produced in coke blast-furnaces. A small 
amcamt is us<h1 in private dwc^llings and hotels for heating and 
cooking. For boiha-hcading it has \)vvn uscal only experimentally. 

Seheurer»K(‘Hlner and Mcnmim’-Dollfus (‘xperimented with it 
in boihu’-lu'ating and bnmd vt‘ry litilt' eombustil>l(' gas in tlie 
tlu‘ produi’tH. litHM’h elinreoal was ustal, and an evaporative 
(»fTt»et of 7,92 lb, of water was obtained. The wastes gases con- 
tained : 

Far Cant. 


Carbon tlioxitle. 11,16 

<’arl»on imujoxifle. . . 0.37 

Oxygen. 8.72 

Nitrogfui 79.75 


lb. 47,0 lb. 41.5 lb. 39,f lb. 17,2 lb. 
76 (Ml. ft. 5fi (Mi.ft. 55 (Mi.rt. 52 (Mi.ft. 33 (Mi.ft. 


100.00 
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Brix, using wood and peat charcoal, obtained the following 
results: 

Wood charcoal 7.55 11). evaporated. 

Peat charcoal t> . 85 “ 

Schwackhofcr burned charcoal from hard and soft, wood in 
his calorimeter and obtained (constant volunu\) 71-10 ealori(\s for 
the soft charcoal and 7071 calories for tlu^ hard. 'IFhc^ (diarcoal 
in both cases was the ordinary unpurifitnl (*har(H)al as sold. 

WOOD 

Wood consists of a compact tissue^ mon^ or l(‘ss hard, fornuHl 
of cellulose and a so-called incrusting substam*(^ Wood contains 
besides, small quantities of mineral mattxn’ and hygroscopic; wa.t.(u* 
varying from 30 to 50 per coni, a(‘(U)r(ling to dryn(\ss. Air-dricul 
it contains about 20 per (‘.ent of watca*, whi(‘h it, giv(‘H up (‘asily 
on exposure to a heat of 2-l() (k'g. Eahr, 

The following table by Eugeiu^ ('luwandun* giv(‘H the (‘om- 
position of different varud-ies of wood: 


ANALYSIS OK WOODS 




< 'OMI’OHITION. 


Woods, 

( larhoii. 

Hydrogen. 

OyKgeti, 

Nitrogen. 

Anil, 


Per (Unit. 

e(‘r ( Unit. 

Per ( 'ent. 

Per ( Unit. 

Per (Unit. 

Beech 

49.36 

6.01 

42.69 

U 91 

1 06 

Oak 

49 . 64 

5.92 

41 , 16 

1 29 

1 .97 

Birch 

50.20 

6.20 

41 62 

1 15 

o.ai 

Poplar 

49,37 

6.21 

41 .60 

0 96 

1 .66 

Willow 

49,96 

5.96 

39 . 56 

0 , 96 

3,37 

Average 

49.70 

6.06 

41.30 

1 . 05 

1 , 60 


Regarding wood from its ultimate; composition, we; may (‘on- 
sider it as a hydrate of carbon, that is, as carbon united to water, 
the proportion of hydrogem and oxygem bc‘ing luitrly tlu; same; as 
in water. But regardcid from its proximate; (‘omposition, it is 
entirely different. What has been said of soft c*oal c*an be; n^pc^atcnl 
for wood; that, those having a similar ultimate (aanposition 
behave differently in distillation in a elos(;d redort and |)roduc‘e 
very different proportions of carbon (as charcoal), hydrocarbons, 
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licjuid or gjuseous, avid pi’odiK'is, rosin, and tar. The heat of 
combustion dilTc'i's also. 

Hard wood giv(\s l(\ss lu^at than soft wood. According to 
Gottlieb's exporiuumis, piiu'-wood has a heat valium of 5000 calories 
whiles oal< gav(^ only 4020 calo^(^s. Mahha^’s (^xpea’iments con- 
firm a. dinVr(mc(‘. in favor of ])in(^, but in kvss proportion. 

Two d(‘t(a*minaiions mack^ by Mahkvr an^ (cin<k‘rs and water 


deduetcxl) : 

Fir, Oak. 

(Carbon .. 51.08 50.43 

Hydrogem (>.12 5.88 

Oxygon with tracer of nitrogen 42.00 43,09 


100.00 100.00 

Heat of combustion. 4828 4089 


Gottli(‘b obtaiiual tlu‘ following figures, using a (‘alorimeter of 
constant pr(^HHur(% in whi(‘h h(‘ bunual 2 grams of wood in the space 
of two or Ihn^e minutc^s. 41u‘ (‘omposition of the gas produced 
was not d(‘t(‘rmin(‘d; he* was satisfual tliat lu^ had p<‘rf(‘ct combus- 
tion, and his ligun\s do not. appt^ar very far from tlie truth. For 
(‘ollulos(‘. h(‘ obtaiiual 4155 calori(‘s. 


<U)TTiaKn‘S OKTKUMIN A'rioN OF (‘AUOUn'H’ l>OWKH OF WOOD 


\V<hhI, 

c •. 

m 

N. 

o. 

Anil. 

('ulorifH. 

B.T.IT 

Ouk 

ML 16 

6 cu 

0 00 

41 . 16 

0.17 

4620 

6116 

AmIk . ......... 

4*L. \n 

6 27 

0 07 

4.1.01 

0.57 

4711 

8460 

Klin ........ 


6 , 20 

0.06 

44.21 

0.50 

472ft 

6510 

BihtU. ......... 

4*e«6 

6,11 

0.00 

44.17 

0.57 

4774 

8591 

iiirrli .......... ,i 

4H.«H 

6 . 06 

0,10 

44.67 

0.20 

4771 

6566 

Fir ........ .1 

*>0. 16 

S . 02 

0 01 

41.10 

o.aa 

5015 

0061 

eiru^. ........ . 

M) 1! 

6 20 

0 04 

41.06 

0 17 

50ft5 

9153 


({ottlieirs results an^ 09 (*alork‘H 1c\sh than Klalder's for oak 
and 207 mon» for fir. 

The n‘lafiv(^ luxating value* of coal and wood is shown l>y the 
tabk* b(4ow which is C|Uottai in a mnnbc*r of tcxt4KK>ks. The 
authority and (luality of vtml are not givcun Thc^ wood is assumed 
to be. thonmgldy aiiMlrkal, and the weiglit of wood given is the 
weiglit of one* c*onL 
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remtivk heating value of wood and coal 


Hickory or hard maple 4500 lb. equal to IftOO lb. coal. (OtherH ^ivo 2000) 

White oak 3050 “ “ 1540 “ t “ 1715) 

Beech, red and black oak 3250 ** “ HOO “ ( ** 1450) 

Poplar, chestnut, an<l elm 2350 “ “ *740 “ ( “ 1050) 

The average pine 2000 “ “ 000 '* ( “ 925) 


The table shows that 21 lb. of dry wood are alioot (filial t.o 
1 lb. average quality of soft coal a-tid that, tlu' fiud valiU' of ilw 
saiue weight of different woo<ls is v(‘ry tu'urly tlu^ sanu* tluit is, 
a pound of hickory is worth no inon^ for fued than a pound of 
pine, assuming both to be dry. Hiis is at variance' with Mahka-’s 
results quoted above. It is inq)oriant that, tlu' wood be dry, as 
each 10 per cent of water or moisture! in wood will detraed al)out 
12 per cent from its valium as fut'l. 

Taking an average wood of the analysis, {H'rh'etly dry, i \ 50; 
H, 6; 0, 42; N and ash, 2, its total heating vahus by Dulong’s 
formula, is 7765 B.T.U. per pound. If tlu* wood <‘ontninH 25 ptq* 
cent of moisture the analysis of the moist wood is ( \ 37.5; 11, 4.5; 
0, 31.5; N and ash, 1,5, and its total luaiting vulut' is 75 |H‘r (‘ent 
of 7765, or 5824 B.T.U. per pound. To obtain th(' availahle ” 
heating value we subtract the loss of h(*at in tlu' stcaun formed 
from the water and the hydrogc'ii in tlu' wood, as cahmiatial by 
formula*. Taking the tempea’atun^ of tlu' air supply at i\2 dt'g. 
Fahr. and that of th(^ (vseaping ehinuKy-gasi'H at 4fi2 d(*g. Ibihr., 
this loss is 810 B.T.U., winch subtrachHl from 5824 givt's 5014 
B.T.U. per pound as the availablt' luxat ing vuIiul 

In burning wood for steaming tlu* fin' is ('usily <*oMtrollt‘d; 
combustion is more compleU*; the products of (aanbustioii c*on- 
tain only very small quantiti(‘H of unbunu'd gnst's; and th(' ashes 
are generally free from carbon. Tlu^ ca>untri(‘H using wood for 
this purpose are growing less in number yc'arly, on iu*eount. of 
improvement in transportation and iho dist'overy of new c‘oal 
seams; petroleum oils for fu(4 have' also iHauant* more (‘omiuon, 
especially in Russia, the Unii(Kl Htab's, and C’anada. 

* B.T.U. lost due to hydrogen and inomturc 

. - (9/J-h W) X [(2 1 2- /.) +070 +0.4B(n«- 2 12)1 

in which H is the percentege of hydrogtin, IF the watt*r in 1 Ih of fuel, i 
the atmospheric temperature and Te the tcniiwTatwr*» «if tht* cliimtiey 
in degrees Fahr, 
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RELATIVE VALUE OF VARIOUS WOODS 


Wood. 

SiHH’ilic 

(iravity. 

PoiindH 
in One 
(?ord. 

ISirccnt- 

ago 

Oharcoal. 

Si)cdfic 

CJravity 

of 

Charcoal. 

Pounds of 
Charcoal 
ill a 
Bushel. 

Relative 
Value of 
Wood. 

Hickory, hIu'II bark . 

I . ()()() 

4460 

26.22 

0.625 

32.89 

1.00 

Oak, clu‘Htiint 

0.885 

3955 

22.75 

0.481 

25.31 

0.86 

Oak, whit<‘ ........ 

0.885 

3821 

21 .62 

0.401 

21 .10 

0.81 

AhIi, . ....... 

0.772 

3450 

25.74 

0.447 

28.78 

0.77 

l)oiu:woo(l, , . 

0 . 8 I 5 

3643 

21 .00 

0.550 

29 . 94 

0.75 

Oak, black. 

0.728 

3254 

23.80 

0.387 

20.36 

0.71 

Oak, red 

0.728 

3254 

22.43 

0.400 1 

21 .05 

0.69 

Bccch, white*. ..... 

0.724 

3236 

19.62 

0.518 

27.26 

0.65 

Walnut, black. 

0 . 68 J 

3044 

22.56 

0.418 

22.00 

0.65 

MaiMln, hard (Hiujar). 

0 . 644 

2878 

21.43 

0.431 

22.68 

0.60 

( i(Hlar, ri*d , . 

0,565 

2525 

24.72 

0.238 

12.52 

0.56 

Ma^noba. ....... 

0.605 

2704 

21 .59 

0.406 

21 .36 

0.56 

Maple, Hoft 

0,507 

2668 

20 . 04 

0.370 

19.47 

0.54 

Pints yt^llow 

0 . 5 5 I I 

2463 

23.73 

0.333 

17.52 

0.54 

SvcanH)rts 

0 515 

2391 

23.60 

0.274 

19.68 

0.52 

Butternut ........ 

0,567 

2534 

20.79 

0.237 

12.47 

0,51 

Plat*, Nt'w Jerney. 

0 47 H 

2137 

24.88 

0.385 

20.26 

0.48 

Pints pitch 

0 426 

1 904 

26.76 

0.298 

15.68 

0.43 

Pints Whitt* 

0 418 

1868 

24.35 

0.293 

15.42 

0.42 

Poplar, Loml>ardy , , 

0 . Vi7 

1774 

25.00 

0.245 

12.85 

0.40 

(dicHtnnt , ■ 

0 552 

2333 

25.29 

0.379 

19.74 

0.52 

Poplar, yt'llow 

0,561 

2516 

21 .81 

0.383 

20.15 

0.52 


WOOD HKFUSE 

Wood r(»fuH(' i.H \iH(‘d m a. fiud for gas produccrR at the plant 
of tht‘ Soutlu'rn ('otion Oil ('o., Orc'tna, La. The refuse used 
is kiunvu as eypn\sH hog/^ eoimist-ing of about 50 per cent 
sawdust and 50 p(‘r (‘(ait chips, and (‘ontaining about 30 to 35 
ptT (‘(Tit moisture', dlu' plant was d(‘H(‘,rilKHl in a papen* read by 
(3iarI(»H K. Snypp be'fore tlu' Umisiana Mngiimering Socuevty, May 
13, 1912. TIh' gas obtaincal from the “ crypn^sB hog ran from 
130 to 135 B.T.U. p(*r <‘ubic foot, whiles gas from pine hog 
liad a calorific, value' of ltd. 4 B/IML pi'r cubic*, foot (average of 
1 1 analyst's). I1u* calorific? vahu's of tin? (cypress and pine respec- 
tively were? 5540 liT.lJ. and 7005 B.T.U. p(?r pound. 


MIHCELLANKOlfH SOLID FUELS 

Straw.— Clark"^ gives the* following analysis of wheat and 
liark'y straw, the' t wo varying less than one? per (?ent: Carbon, 36; 
liydrogcm, 5; oxygen, 3H; nitrogen, 0.50; ash, 4.75; water, 
1 5,75. Aee'ording to Dulong’s formula, the calorific value of this 
* Ht eaun Engines Vcl. I, p, 62. 
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st.niw would ho 5411 IhT.U. llussian wliciat straw,* dried at 
250 dog. h’ahr., of o.oiupositiou, Carbon, 40.1; hydrogen, 5.6; 
nitrogon, 0.42; oxygc'ii, 45.7; asli, 4.1, liad a calorific value of 
0290 B.'lMl. Tluf saiiK^ straw (tonlaining 10 per cent of water 
had a heating va.luo of 544H B.dMI. Buckwheat straw, dry, is 
giv(;n as having a h<‘ating valium of 5590 B.T.U., while dry flax 
si raw is given as 0750 B,'!'.!!. 

Bagasse.- Bagass(' is refus(' sugar-cane, the juice having been 
extracl.ed. Prof. L. A. Becu('l f says conc(!rning hagass(u “With 
f,ropi(ai,l caiu^ containing 12.5 p('r (a>nt woody fiber, a juice con- 
laining 10.15 per cenl solids, and H5.87 pta- (aait watcT, bagasse 
of, say, (iO [M'r cent atal 72 p(‘r (a-nt mill extraction would have 
1.h(' following p('rc.entage composition: 



Woody Fibur. 

( 'oinbiiHtibb* 

Watf^r. 



Sult.s. 


66 {KT (M'llt bnH-tHKHt* 


10 

53 

72 pur u<*nt tupiiWHu 

45 

9 

46 


“ Assuming thal Ihc* woody lilx'r contains 51 pc-r cent carbon, 
the sugar and other combust ihl(> matters an average of 42.1 per 
cent, and that 12,900 B.T.U. an* generat(‘d for (^very pound of 
carbon consuna'd, the 00 pt'r cent hagaas(‘ is capable of generating 
297H B.'r.lh per pound as again, st 5452, or a difference of 474 
B.'r.U. in favor of t lu* 72 jier e(‘nt hagaase. 

" Assuming the temperature of the waste gases to he 450 deg. 
Kahr., that of th<> surrounding atmosphere and water in the 
bagasse at, HO di'g. hahr., and the (luantity of air ni'ce.s,sary for the 
eomhustion of 1 lb. of carbon at 24 lb., the lost lu'at will he as 
follows: In the waste gasi>s, la-ating air from HO to 4.50 deg. Fahr., 
and in vaporizing the moist iin*, etc., the tiO per e(‘nt hagassti 
will naiuire 1125, and tla* 72 (mt cent hugassr' lltil B.T.U. 

“Subtracting thi'Si* <iuantities from the above, we find that 
th(> tUi {KT cent tHiga««‘ will produce 1855 available B.T.U., or 
mairly 58 per cimt 1 <‘hh tlum the 72 iht cent bagasse, which gives 
2990 B.T.U.” 

* Eng. p. 55. 

t Ptt|X!r v%mi kniiHiitnii Hufpir Chemists* Assocmtion, 1892, 
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Samuel Vickess in The Engineer, (!liica}j;(), April 1, 1903, 
writes: 

The value of bagasse as a fuel (k'pends npoti tlu' ainoimt. of 
woody fiber it contains, and the amount of eombustibl(‘ mattnr 
(sucrose, glucose, and gums), hcdl in tlu^ licfuicl it n^lains. Oiu^ 
hundred pounds cane with triple crushiiig givtss 7i) lb. juit‘c‘, a.n(l 
24 lb. bagasse, which consists of 12 11). fibcn* and 12 lb, juie(\ 
The 12 lb. of juice contains 1() per cent, or 1.92 lb. sma'ose, 0.5 
per cent or 0.06 lb, glucose, 2.5 pea* (uail. oth(‘r organic* itiaidca* 
and 1 per cent or 0.12 lb. ash, makirig a total of 20 pea* ccait or 
2.4 lb. of solid matter, and 80 pea* c^cmt or O.t) lb. of waler. Hc*- 
ducing these figures to quantities cornssponding to I lb. of l)agasH(*, 
and multiplying by the luaiting value's of tlu' sc'vc'ral .sub.sta,m*(‘H 
as given by Stohlmann, wc^ find tlu' hc'ating Viduc^ of tlu' (‘om« 
bustible in 1 lb. of bagasses as follows: 


0.5 

lb. fibcT 

X7-H)l- 

3730 

0.08 

lb. sue, rose 

X0957 

557 

0.002S 

> lb. glucose 

XOOlO 

17 

0.012S 

i 11). org. matterX7461 " 

93 

0.4 

lb. water 


4397 

0.005 

lb. oah 




1.0000 

This 4397 B.T.U. is the gross heating value', which would be 
obtained in a calorimeter in which tlu' produc'ts of (*ombustion 
were cooled to iho ternpc'raturc of the* atmosplu'rca To find 
approximately the heat available for gcmcaiiting stciim in a boili'r 
we may assume that 10 lb. of air is uh(‘c 1 in burning c‘a(*h pound 
of bagasse, that the atmosplu^ric hanpc'ratun^ is 82 dc‘g. Falir. 
and the flue gas temperature 462 deg. Fahr., and tliaf in addition 
to the 0.4 lb. of water per pound bagassci onc'-half of t in* rcanaining 
0.6 lb. is oxygen and hydrogen in proportions wluctli form waic'f, 
making 0.7 lb. water which (^scafam in thc^ fluc^ gas as 8U|K*rliieated 
steam. The heat lost in the flue gasc's p(*r |)ound of bagasses is 

[10X0.24X(462-»82)+0.7(212-82)+«70+0.6 (462-212)1 

-1770B.T.II., 
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whi(ih subirac-l.(Hl from 4397 l(‘avcs 2627 B.T.U. as the net or 
avaihibk' valu(‘, whic^h is (‘(luivalent to an evaporation 

of 2.7 11). of water from a.n<I at 212 deji;. Fahr. In practice 1 lb. 
of su(‘.h gr(H‘n ba-^assc^ (waporaU's 2 to 2] lb. from feed water at 
100 d(^|»;. l^’ahr. itito Ht.(‘a.m at. 90 lb. pn^ssure. 'This is equivalent 
to from 2.31 to 2.59 lb. from and at 212 dc'^'. Falir. 

Wet Tan Bark. Ta,n ba.rk is us(hI as fiu'l after having been 
us(h1 for tlu' tjuming of h^atlua-, t.lu^ spent tan (U)nsisting of the 
fibrous portion of tht‘ oa,k bark. P(M‘let. says that tlie calorific 
vahu‘ of p(‘rfV(^t.ly dry tan with 15 pea* ctait, of ash is (JlOO B.T.U. 

а, nd that tan (*.onlaining 30 pea- c(Mit of waha;, which is the normal 
Htat(‘ of dryn(^ss, has a, luxating vaJu(‘ of *128*1 B.T.U. David M. 
Mt\y(‘rs (4Va.ns, A.S.M.M. 1909) givi's the a,V(‘rag(‘ heating value of 
dry luatdoek tan as 9501 IbT.U. By Dulong’s formula the luuiting 
vaha^ wotihl b(‘ 8152 B.T.U., th(‘ composition of ihi) dry tan 
cited by Mr, Mey(‘rs bcang ash, I.‘12, carbon, 51.80, hydrogen, 

б. 04, oxyg('n, 40.74. 

VVlaai w<4 tan bark is burn<‘d in th(‘ boil(‘r furna<‘(', the mois- 
tur(‘ in it is conv(‘rt(‘d into siqualuaihal shauu and this escaping 
with th(^ chimiKW gas(‘H carri(\s away a larger amoiuit of heat, 
d'he amount of lu'at so lost dt‘|Hmds upon th(^ amount of moisture 
pn^scad in tin* tan, and (hc^ tabl(‘ lua’<‘with shows the effect of 
varying qiianlitii^s of moist both upon the luaiting value and 
th(‘ i'vai)orativ(‘ eflVet of the vv(*t tan bark. 


rALOllIFHt VAiaU*: of tan with VAUIOFH PHHOFNTAnKS OF 
MOIHTFHF * 


i 

MoIm I 

ll.T.U, 
arr Lh. 

Lohhv.h i»r IIkat 

Uut4 TO 

! 

Niit H«‘at 
ViUtuo 

Kf!lc*h‘m*y, 

Lh. Kvap. 
piT Lb. 

itin*. 

Wi't 

Mocaiiri’ 

n ill Fm4, 1 

Ui'ifctmir Air. 

H.T.U. 

ptT i A'llt. 

W«r Tmi. 

0.10 ! 

6 II6 ; 

261 

^64 

1446 

406^ 

,64.2 

4„ 10 

0/10 i 


lOi 

401 

1266 

ipn 

61 .2 

130 

0.40 i 

4712 

Ml 

421 

urns 

2772 

S7/I 

2.6! 

0.30 : 

1060 

13 i 


004 

2m\ 

51 .a ! 

2.1! 

0,60 ; 

H6» 

7H4 

2Bi 

721 

1170 

41.5 i 

1.42 

0.70 i 

IWO 

014 

in 

Ul 

700 ' 

20. a 1 

0,71 

0.«0 i 

U»64 

104 S 

HI 

462 

46 i 

2.5 i 

0.01 


^ f»f dry Uia hiirk ini’ll %o hi* O 030; H 0.06; 0 0.40; N and 

Afili 0.04. viiliii' hy OuliiniCH formula 7020 H.T.F. p«»r inniiol. C’himrmy 

lir<’ ti»?iUlfiinl to oiiriiirts nl 600 tlt’g. Ftthr, 
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Of tho many oiln (‘apal>Ii‘ (»f u.si‘ as fut*!, (atly those* iiiincTOl 
origin are luseal The veg(‘ial>h‘ eals an* ttni etesfly ami possc'ss iio 
advantage over tlu^ tiuiu'ral oils. Tla* miiiernl this t'omprthiend 
the liquid hydroearhons extraetiMl from hilumiiMtus schiist ttr etiul 
and its congeners by (list illation, us wthl ns tla* this whithi (*?cist 
already formed in the (wth, and enlhal by tho s|H*i‘inl nnnu* u! 
petroleum, Whil('> th(‘ forna^r art* sthdtnu tunihoyisl in luxating, 
petroleum has be(H)me an important fuel in tin* eountries whithi 
produce it. 

Petroleum is a mixtun^ of litjuid hydn»earho!is, uhitdi (*xist in 
several series as shown by the following table* Ity Jthuistm mid 
Huntley.* 


DIVISION OF Tin*: msTUOl.KFM SKUIFS 


0(^n«ralli!{«l 

Formula. 

Naitto (»f SiTloM, 

CnH2»+2 

......... 

Paratliri . . 

Olollu ami polymothylmm 

On H 2ft- 2 

Arutylotu'!. 

Onn3»-4 

Haro. . 

Own2ft — 6. ...... 

n(uijf.oui<i 

CftH2it™8 

Ran*. . 

OiH2ft“*1.0. ..... 

Karo j 

Cftn2ft~l2. ..... 

InchuloH (laphUiatimi* OiiiIIii j 


In t til 


iiitn In niiOitiU 
UtiH!Uii. t '«aan)rfil,i}. iiml t'siltii 
‘rtnH'j. I.inil-ndiflrt iiinl iJiini, liiif, 
l.itniJi. Intliiifiit,, ftint t ■rtlifininiii 
Ni’iiiJy iili firl«|?j III Htniill tf’» 

( ‘sUifiifiiiii iiiisl t 'nliii 


Crude petroleum, subjcadial to fractional dint itiiif ton, givins the 
lighter fuels of cominerc»(‘, sueli as tH*iixini% gaso!iiii% kerosernn i*tc\ 
The table below, also from Johnson and Hunfley, shows how the 
paraffin series may ho hrake!n up to form the* more fniiiiliiir etim- 
moditios. 


*()il and (las Production, |), 1. 
i:io 
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DTVTRTON OF TirK PATIAFFTN SERIES OF PETROLEUM 


NauH*. 


lOtluUH'. . 
Propuru*. 
liutaiu*. , 
Pl'UllUH*. 
Ufxaiu' 
HoptJUU'. 
(PMiiiu*. 
Noiuuh*' . 
I . 


( 'luunical 
Symbol. 

Hoiliiif^-poitit, 

F. 

(iravily 
Haum6 at 

68 I)OK^ F. 

CIU 

i'ilh 

CallH 
('ill 10 

caut 

--2^6.5 

- IU>.4 

- 4<).() 

■1 

1 100.4 

0) at 57 

i'dhi . i 

l U>H.O 

85 

('•.‘Hiti 

f 208.4 

75 

caiu 

■1 2S7.() 

69 

('«11mi 

1 20H . I 

65 

Ciollr 

{ H4. 1 

62 


(Commercial 
N ame. 


j Natural gas 
I (Jasol 


(Janolino 


K(‘r{)Herio 


may 1 h‘ (*xt raclcal froin tlic^ caisin^ lu‘a.(l ^as ccominj*; 
rrom oil wells, l^v i1h‘ coadtaisation of th(‘ propaiuc and buiaiu^ in 
tlu* gas. LoW“grnd(‘ napldha is sonudinu'S bkaidtal with gas- 
gasoliiH* (o form a (’(unnua-eiul gasoliiu' whos(‘ siK'(‘ifi(‘, gravity is 
tlu‘ samt‘ as that obtaimal by distillation in tlu‘ ndiiuny, Imt whicch 
contains varying (plant it ics of thi^ lighter constitiumts to (jom- 
p(msat(‘ for tlu' lu'uvy hydrtu-arbons. 

P(‘trol(‘um is found in vast (piaiititans in tlu^ Unitial Htatc^s, 
Mt'xicci and Russia. ( 'anada, Houmania, Burmah, Australia, 
F(a'U, India, Java, and otlua* localities have pro(luc(‘d smalk^r 

(plant it i(‘S. 

Among tlu‘ first to use Ii(piid fiad, and th(‘ first to bring its 
us(' to n state* of |H*rfection, wviv the Russians. For ycairs they 
havt* uscmI it (*xelusiv(*!y in th(*ir !ocomotiv(‘s and in many marine 
(*ngin(*H. At first tla* ermk* oil was us<‘d, but afterwards astatki, 
or losiduum from tlu* first distillation. Hpcwial Ininwrs wcrc^, 
invmitcal in large* nuinIxTs, and now its use is a settled fact and 
increasing. 

Ummas Frcpibart then* (Jdaimal an (*{fick*ncy of H2 per cent 
of tilt* tliecmdical heating value in (*xiK*rim(‘nts on the Russian 
railways, lb* h*d tia* |H*troIeuin to the furnace ly means of a 
Hpray-inj(*(*t<a’ drivt*n by st(*am. An indma'd (‘UiT(*nt of air was 
carried in around the* iiijia’Ior-noy.i^Ji*, and additimial air was sup- 
plied at the bolloni of tla* furnaciv 

Mr. rrquluirt fProc. lust, M.K., Jam, IHKP) givexs tlie blow- 
ing tabk* c(an|»aring tie* lh(‘«»n*tical hi’ating (‘f1(‘et of p(drokann, 
IIS ccaiipared with that- (.»f ccoal as {l{*l(*nuiia*d by luivn* and Silber- 
inaiirt. 
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COMPARATIVK IIEATINO VAI.l'F, OF IT: l liiiM | M 


HptH'Ult' 

(JmvH.v 

Fud, 

I-., VVut»*r 
I (HH). 


Forma. ht*a,vy oil- 
(JaucaBiaii llK^t onulr' oil « 

C'iaucaBiair hoavy ' ‘ 

KriHHian naphtha n^fuw* 

Good FrigUnh coal, moan 
of 98 sampU^H ...... 1 *80 




i', ; H. *». 

IVt I ivr ^ Frj 

ri-nt.ItVijf U 'ml 

84 0 ’ M / : I 'I 
86 M » 1 O tJ I 

m p j r; I { 1 
M/.i n / t j 

an n * ^ n an 


\xn irrilKU FrKLH 




; ‘Uir 


Hr 

.1 ! i 1 ! f » 

' 1 l 4|> 

.. I.Im. 

Hr 

IM * I. 

: VV^ti 

*f IMT 

Hiili-ili 

i 

Fmd. 

I l«( 


■ 

! 

I 

lilt i 

4f if, 

i I- 

[ Urit 

/n 

; In 

/i 

4« 

/ K* 

n.V 

1 ! 

m 


! in 


m 

Ul„ 

8 1 

Ml 

% 1 

f 1 

1 1 * 

M 

f.l 


II. IL Twodak* in iha Kmjiua ruaj tin*! M muaj Jam-'in ti, Urf. li, 
21, and 28, 189!), puhllsIicHl liulrn mu iIim u.^m mI iIm* |*rM(i|ut't;s uf 
crude petroleum, from whieli iho iMlImviui.^ uim riifiiiiiiM-ij : 

Crude petrok'um in a hvilroearlam. Mlim fiiuiiiiiiiia,; a >UfiiiII 
percentage of milphur nml M?cy.iirii n-^ Ii-i 'spiTifin 

gravity may vary frenn 12 !<» Tr) ikat, llumiii’. I*tif ihf 

quantity produe(*d range.s from MCI dfv- k’» d«'|,e limiiiir, I'lm 
color of crude |>etr<9cmm is u.Muallv a gn'i'u Immu, hut u m fiamd 
from a Iight-bn)wn eoku’. flirimgh fho varnaei n!t?idf"i of gmai to 
a jet hkcL It may Im* hrokon up hy douillaiiiai iuIm l»«‘o/t*oi‘, 
keroHcne, atid otlier tIisfilbteH am! rr'-ailmiHn. of «|iialiiies, 

any one of whieli makes a very gMod fu«*l umin' r«'rfam eoii- 
ditioriB. 

GaBoline, or iKdroIetim of morr* flmo 71 iliac. Haiiiiie, 

will never lie iwed for fmd e?ceept fo a wiy luoitnl vxtvid, 
it and its eloacdy asBotnaled liiMiillnfrH nn* aUim'i loiirt* va!iiiili!i* 
for other puriKiHt*B, siieh m m inl<*rmit miiditiHiiHii 

Baiwne, or jrlimlettm disfilluio fmoi oo dr|*, to 71 i|r|?. IkmmS, 
is the best of all !ic|uid fuels, but the dilliruliv, fioiuo*r nfn! e^j«‘iise 
of transporting fa*rmit only its m u b-iv iMroliiu-i. 

Kerosene or {Mdroleiiiu flisfilliiio uf fmiii 4 h f,» :i:» lii.n, 
Baum6 gravity is nri vxevllvui find. As a fiii-i f*ir -.luull lniiiern 
it is the lieeiinm'^ t»f its imiiabiltty atid i v iiini fiifility 
with which it can Im Immllmt, Tlw liuiivv deaiihiti-H i*f in4n4mm 
known as iieufriil or Holar oils hu^'i’ no iiuitn'tihir jtiiiii|i.t* uv^r 
kerosene as find mve their high 

Crude pd.roleiim may vtmimn anv imoIimu of |..rii./riir nml 
kerosene from iiolliiiig up to neiirly j».-r rriii, %'iiy'iiiii liiiiridy 



LIQUID FUELS 


133 


with ihi) l()(;ality it is produced. Of these two distillates, 

Anu^rienu crude petroleum (‘oni,a.ins roughly, from 50 to 75 per 
(•(‘ui of k('r()S(‘U(^ and Ikuizcuh'; ilussian from 15 to 50 per cent; 
l\a’UVKin from 15 to 50 iku* etait. 

Aftor lh(‘ I)en/,('n(NS and tlu^ k(a*os(‘n(‘s have been run off, there 
remains in ( lu‘ sl id an oil known l)y the various names of residuum, 
reductHl oil, iar, fiud-oil, aslatki, mazool., petroleum refuse, etc. 
If this r(‘siduum is <listill(‘d still farther, neutral and lubricating 
oils distill over, or (‘ls(*, with e{‘rtain forms of stills, decomposition 
S(‘ts in, and varioiis products may be distilled over until nothing 
but a. small amount- of cokc^ is I(‘ft in the still. 

Russian <’rud(‘ <»il e<mtains a low percentage of kerosene 
and th(U’(‘ is an (mormons surplus of n'siduum, gxmcmally known as 
“ astatki or “ mazootd’ whi(‘h cannot all b(‘ uschI for tlio manu- 
fa(‘tun^ of lubricating oils, d'his astatki is th(5 fiml-oil par excel- 
for marim^ atul locomotive work where a ptwfetdly safe 
oil is r(*(pur(‘d. 

'The* pidrohmm find eonsmiual in tlu* United State's is almost 
n's(rict('d to th(* us(' of (*rud{' oil, and this is not the fiu'l which 
will suit th(' gi'ueral con.simu'r, ( 'rud(‘ oil is a most (‘xcellent 
and (‘asily handhal fuel, but it must lu' list'd with caution. It 
is absolutt'ly unht f<»r use on a lot'omotivt' or sUaumm, since, in 
cns(' (»f accidtmt, it may tmteh fin' and spn'ud with startling rapid- 
ity. I* or such pnrfjoseH no {H'troh'um should 1 k' usc'd that lias a 
firt'di's! of Ic'ss than 200 dt'g. fo 250 dt'g. Fahr. A petroleum oil 
with a fin'd (*Ht of 250 di'g. l»ahr. is a safer fiU'I tlinn ('oaL 

Ht'stduum oil wliieh has a firt'dt'st of say 250 d(‘g Fahr. to 300 
deg. Falir. is tlu* tiH»st Huitnble for fut'l on steanu'rs. It is aliso- 
lufi'ly Hide, as if (‘umiot tnk<‘ fin' and dot's not givt' off infiammahle 
gaw'S until heated tt» n fempt'raturt' aliovt' that of lioiling water. 
Hueli oil may bt* pinct'd in a bucket and stirrt'd with a red-hot 
pokt'i* without catching fin*; shtjvt'lfuls of hoi coals may he thrown 
into it, but tlicy will b«' extinguisht'd us if thrown in water. 

It is proliabh* flint in tlu* future pt'trohmm fut'l will he used 
more* for mariin* fnirpost's on uct'oimt of e't'tmomy in spatm and 
wt'ight. C nliftiriiia is'troh'um will prohiihly 1 m' largely used for 
this purfMise, as the iirodut'tion of erndt* pt'trolt'um there is being 
rapidly itterenseth and flu* tnl is l.«'tt(*r suitt'd hy its (|uality for 
fuel tliim for reiifting purpost's, owing to the small proportion of 
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volatile eoustituentH luul large* proportion <if lioavy liytlreienrhons. 
It is just the contrary with the* jM‘tre»le‘Uin iotiiui in flM‘ l^astenai 
States, which is especially atlaple‘el ii\ the* niaiuif:M*tun* of illumi- 
nating oils, owing to tlu* large* propoili<»n of volatile* hyelrocarbeam 
it contains. 

The petroleuni-ru*l(ls of l^‘ru soi[ne‘what re*se‘inhl«* those* tef Cali- 
fornia. Tlu^ crude oil is a goo<l fue*l lor stutieaiury Iniili^rs, and, if 
40 per cent of l)en5?t*!ie and kt*rost*iu* an* eiistilli*cl <»tT, tlu* n*stilting 
reslduinn is an oil e)f about 22 d<*g. Haunu' gravit y anel 2h0 el(*g. 
to 280 deg. fire4(*st, of mod<*rntt* viseeiNity aiu! e’ontaining 
no paraffin. It pres(‘rvt*s its Iluielity at hnv t«‘inpe‘raturf‘S, and 
makes an exeell(*nt fut*l for t*ithe‘r loconuUive* eu* marine* use*. 

Sonic of the advuntagess claim<*el for liepiie! fiu*l uiuit*r liealers 
are: 

1. Diminisheel loss of lu*at U|> the* stark owing tee tlu* eh*nri 
condition in which tlie ttihes can he* ke*pt, aiu! fee tlu* smaller 
amount of air which has tee pass tlirough tlu* e*omhust item*chamh(*r 
for a given fuel eonsiauptiom 

2. A more (*(iuul distHhutieen of lu*ni in tlu* re aid aist ion- 
chamber, as the doors do not have* tt> 1 h* o|M*ni*e!, aiul ronse*c|U(*ntly 
a higher efficien(*y is obtuint‘d. 

3. With oil there* is tio (‘hnnee* eef getting elirty lircs on a hard 
run, as with coal. 

4. A r(*duction in e* 0 Hi of hniulling fuel, siiua* tn! is !iandle*d 
mechanically or by gravitation, while* with suliel fui*t manual labea 
is require'd. 

6. No firing tools or grate* bam are* used, <a»itMo«|Ucntly the 
furnacje lining aiiel brie‘kwork floors, <ic., autle’r less elaiiiiige*. 

6. No dust nor a:Hlu*H to (‘ove‘r or fill tlu* tubes and eitmiiiisli 
the heating surfaen*, nor to be* hniullcel or e*iiiictl away. 

7. Pc^troleum do(*H not HufTe*r while* luang st*»riai, while tht^ 
deterioration of coal unek*r atuu>Hphi*rit* iidlumcc is wr4I kfiowm 

8. Ease witli whicli firc^ can he* r<‘gu!ii!c«l, from n tow to a mmt 
intense heat in a short time, 

9. Absence of sulphur or othe*r impuriticH aiitl ituigor life of 
plates, etc. 

10. LeBS(*ning of manual lalmr of ftreinaii. 

11. (treat increase of steaming eiipacity. 

For burning liquid fuel the lH*st latriu*r is tliiit wliicdi iit4>iiii/4‘« 



LI(ilMI) VVFAB 


135 


or sprays iho By ilms forming a fine mist an approximation 

to th(‘ ( lu‘or(‘l.i(‘a.l fu<‘l, gas, is ohlaiiunl. Several methods are in 
us(' for ihis purpost'. Hy sonu^ tlie oils are vaporized by heat; but 
this is appliea.ble only (.o lighl. oils, which are not much used. The 
favoin((‘ nH‘(hod is by having ilu^ biinuu- so constructed that the 
oil is ror(‘(Ml out in a spray and aX same time mixed with the 
air n(‘e(\ssary for its combustion. 

Wlum using tlu‘ fu(‘l oil (‘ommonly used in the United States 
air spraytu's mv suflicitmt , as this oil is a. distilled product and con- 
tains non(‘ of tht‘ v(‘ry heavy solid portions of the crude oil. In 
Russia, and in Camida, how(‘ver, the ca.s(‘ is dilTenait, as in these 
count ric‘s tlu‘ fuel oil is th(‘ n^siduum from tlu^ distillation and con- 
tains all tlu‘ laaivy and none of tlu^ light oik In this case steam 
is us(‘d as an atomiziiig agent, and it acts l>y virtue of its heat as 
w<dl as its force. 

To hav(^ tlui best rcnsults, tlu^ bunicr must 1)C so regulated as 
to have a flanu^ hordming on, l>ut not (putCj smoky. Thus suf- 
tieient and not. too mneh air is ohtaiiual Tlu^ (piantity of steam 
need(‘d to atomize^ ilu^ oil at Moscow is 4 j)er cent of the water 
evaporatcal. 

H<‘sid(*s us(‘ forlaaiting hoilcu's, litiuid fuel has been used with 
good results in puddL‘ng“furnac(‘s, glass-works, smelting-furnaces, 
brick-making, lim(*-l)Urning, and in almost every place where coal 
would hi* UK<‘d. In soim^ wlua'Ci adjustment of tem- 

|M*ratures has beam ncaakal it has Ixuai a strong competitor to gas 

itwif. 

Relative Calorific Values of Liquid Fuels. (From l^echnical 
Pttptr 111, Pftiiai SitiUus Humm of MirwH.) A <a)m|)arison of the 
hcaii t>f (aanbusticjn of part* li(|uids was made by Irving C. 
Allc*n in fla* nbifve-iudtal pu|K*r. Average values in calories per 
gram are givmi in tlu* following tabkn 


StibBlinu**’'. 


Miaiiyi oinun 

. . . 

Ilr^tiiii' {|»iiriiffliii iVtIi*. ... ■ . ■ 

Onult’ < ‘iilifiirtiia iirifiliwlf ir iH'irtilrtmi . 
l Avi’raifi’ i»f 21 % 


(Jravity, 

0 aio 
0 

« U7 
X) nm 

« 710 0 710 

0 700 ■■ a mm 

0 0462 0 0701 


Avt«ragt‘ CaloritMi 
|H*r (Jratn. 


53H 

7,107 

J1.60S 

10,001 

11.368 

n,050 

10.150 
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Properties of California Crude Oils, ("rude oils of apparently 
the same gravity arc often found to vary in (‘ulorifie power. 
These variations are due to water in the oil lliis waicu* is oftxui 
undetected and no correction is itiade for it diu' t.o us(^ of tlie 
so-called gasoline test for water, ddiis t('s(. is made by mixing 
equal parts of gasoline and oil and allowing t-lu' mixt ure to stand 
for twenty-four hours. Tlie percentag<^ of wator <‘an b(^ rc'adon a 
scale at the bottom of the test eylind(‘r. h\ S. Wade' in Poivcrj 
Nov. 14, 1911, states that this test rarely with any oil and almost 
never with the heavier oils reveals the full or (*.onH‘e(. amoimt of 
water present. In the sanu'. arlh^h^ Mr. Wade pn'semts a table 
showing the variation in the prop(*rti(‘s of California- crude* oils 
obtained from diff(',rent dist.riets. The maximum and minimum 
values given are as follows: 


. .... 1 

Siu'ciflc 

(Jravity. 

1 

pt*r Pc*r('j’iit 
HauiuA (aUltHi. Sulphur. 

Maxinunii 

0.854 ' 

0.988 

H.O 7.12 O.U 

11.7 8,24 4 41 

Miiiiinuni 



rcT.u. 

pt'f Cotmd, 

J ft, 840 
U).4{)0 


The above figures are for oils (*ntir(*ly fre(* from moist urt*. The 
B.T.U. per pint of the light.(‘Ht oil was 17,270 and that of tlu^ 
heaviest oil was 19,030. 

The accompanying table (from Power) gives wliat may Ik*. 
considered rcprescaitative figur(*s for eomiKmition, w(‘iglitH and 
heat values of American oils: 


PEOPERTIKS OF CRUDE OILS 



OOMeOHITION 

liY W'kkiht. 


hh. 








l*RII PlUfNU. 

Kind of on. 





Hpeeitlr 
t Jravity. 

per 







CJal- 




(hvr- 

Uydro" 

Sul- 

oxy- 


hut. 


C 'aiu- 


hon. 

gen. 

phur. 

gen. 



IVut. 

putwi. 

Ohio 

0.834 

0.147 

0.006 

0 on 

0 800 

6 68 

19,580 

19,910 

19,718 

Pennsylvania, li^ht . . 

0.820 

0.148 

0.010 

0 022 

0.816 

6.80 

i«h5lf 

Pennsylvania, heavy . 

0.849 

0.137 


0.014 

0.886 

7.40 

19,210 

19,185 

West Virginia, light. . 

0.843 

0.141 

6. 003 

0.013 

0.841 

7,02 

18.4m) 

18,127 

West Virginia, heavy . 

0.835 

0.133 

0.008 

0.024 

0.871 

7.28 

18,124 

18,860 

Texas 

0.840 

0.852 

0.132 

0 010 
0 005 

0,018 
0 019 

0 925 

0 959 

7.7! 

a . 00 

19,100 

18.500 

18,928 

18,656 

California 

0.124 


Average 

0.839 

0.139 

0.007 

0.018 

0,871 

7,27 

19,006 

19,086 
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The formula by whidi the computed results were obtained is 
not given. 

The calorific valu(‘. of ('a,Iifornia crude oils has a direct relation 
to tlu^ (kaisity, ac(*.or(ling to a, table published in Engmeering NewSj 
May 13, 1909, and n^producxHl b(‘low. The table shows that the 
thinner tlie oil the higlua* is it,s luaiting value per pound but the 
Ic'ss per barixd. 


UKLATION OF DFNSITY OF (^ALIFOTINIA CRUDE OIL TO HEATING 

VALUE 






'IMlOUH 





Thoua- 

D(^Kr(H‘ 

HauiiF* 

Sp<'(‘ni(’ 

Gravity. 

Weight 

ix'f 

Harrt‘1. 

Il.T.U. 

Found. 

and.*^ 

Il.T.U, 

I)(‘r 

BiuiuF' 

Spoclfln 

Gravity. 

Wc'.iKid 

j)(‘r 

Barred. 

B.T.U. 

pur 

Pound. 

anda 

B.T.U. 

per 





Ilurni. 





Barrel. 

10 

1 . ooo 

3 SO 

18, 3 HO 

6442 

28 

0.887 

311 

19,460 

6051 

i 1 

0.99i 

34H 

18,440 

6418 

20 

0.881 

309 

19,520 

6030 

12 

0 . 9tt6 

346 

Ift.SOO 

6304 

30 

0.875 

307 

19,580 

6008 

13 

0,979 

343 

1B,S60 

6370 

31 

0.870 

305 

19,640 

5990 

14 

0,972 

341 

18,620 

634S 

32 

0.865 

303 

19,700 

5973 

IS 

0 . 966 

3 V> 

I«,6ft0 

6323 

33 

0.860 

301 

19,760 

5954 

16 

0,9S9 

3 16 

18,740 

6302 

34 

0.854 

299 

19,820 

5935 

17 

0,9S3 

3 34 

18,800 

6280 

35 

0 . 849 

298 

19,880 

5917 

1ft 

0 947 

312 

18,860 

62S7 

36 

0.844 

296 

19,940 

5901 

19 

0 940 

3 30 

18,920 

62 3 S 

37 

0 . 839 

294 

20,000 

5885 

20 

0 914 

127 

18,980 

6212 

38 

0 835 

293 

20,050 

5865 

2i 

0 92ft 

32S 

10,040 

6103 

30 

0,830 

291 

20,100 

5846 

22 

0 922 

123 

10,100 

6173 

40 

0.825 

289 

20,150 

5827 

23 

0 916 

321 

1 0. 1 60 

61S3 

41 

0 820 

288 

20,200 

5808 

24 

0 010 

1|0 

10,220 

613 3 

42 

0,816 

286 

20,250 

5789 

2S 

0 90S 

317 

10,280 

61 1 3 

43 

0,811 

284 

20,300 

5770 

26 

0 . B99 

31S 

10,340 

6003 

1 44 

0.806 

283 

20,350 

5751 

27 

0.ft9J 

1 1 3 

10.400 

6072 

j 

; 45 

i 

0 802 

281 

20,400 

5732 


Tlie f abli‘ on pngi* 13H gives tlu‘ calorifics value of the oils from 
several of the oil fic'lds of C 'nliforniu. It is (aaidcaised from several 
extensivt* tabk*s in Bulk*tin No. 19 of tlu‘ U. S. Bureau of Mines 
(1911) and in 9V(*hnieal Bn|M‘r No, 74 of flu^sanu' bureau (1914). 
The (‘aI(»rirH‘ ckdea-minations w(*rt^ madt^ in a BcTthelot bomb of 
the l)inHtn(irc‘-At water incHk*!. 

Bakersfield oil is tht» oil most ustal on thc^ Paeifu*. Coast. Testa 
of thin oil by Prof. Ndmond ()*N(*ill of tla* UnivcTsity of California, 
r<!poried by C IL Weymoutli ITmtiHatiioNH Am. Hoc. M.K., voL 
XXX, p. 799) give an nv<*rag(‘ ultimati* analysis and heating value 
as follows: ( ’arhon, HA per ecmt : hydrogcai, 12 per cent; sulphur, 
O.B eent; nitrc»gen, (1.2 {Hi' vmt; oxygen, 1 per cent; water, 
1 {Mir cent; liT.lJ. i>er pound, 18,000. 
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CALORIFIC VALIIK OF CALIFORNIA CRUDE OILS 

(Condensed from Bulletin No. 19 (lOlO lunl ’IVcIinical Faper No. 74 U. S Bureau 
^ of Mines) 


Oil Field. 


Adams ('.any on 

Arroyo Orande 

Bardsdale 

Brea Oariyon 

Coallivga 

('oyote XHUh 

Fullerton 

Kern River 

La Brea 

Lornpoi^ 

Los Angeles (Mty 

McKittriek 

Midway 

Newhall 

Pirn 

Puente 11 ills 

Santa Maria 

Sespo 

Summerland 

Sunset 

Wheeler Canyon 

Whittier 


Number 

of 

Saiuples. 


3 

2 

6 

9 

62 

2 

II 

40 

17 
3 

22 

26 

29 

<) 

13 

9 

40 

6 

6 

25 

2 

18 


Avt‘rage 
Spe<‘ilie 
(Jravity 
at 15“ C. 


0.9203 
.9745 
.9182 
.9225 
. 9498 
.9052 
.9207 
.9645 
.9604 
.9343 
.9629 
. 9566 
.9570 
.9245 
.9143 
.8911 
.9053 
.8950 
.9652 
.9701 
.8875 
.9386 


.\ vu'rage 
I >egriM‘.H 
Bauiu6 
at 60*' I'*. 


22 16 

13 66 
22 56 
21 82 
17 52 
24 68 
22 26 
15.16 
15.61 
19 85 
15.40 
16.37 
16 34 
21 .93 
2i 29 
27 16 
24.68 

26 47 
1 5 06 

14 37 

27 75 
19.20 


AvF,u.\(ii': Caj.ouifh' VAinnc. 


per 

Cram. 


B.'r.r. 

per 

INvuml. 


H.T.U. 

per 

< Jallon. 

145,233 
149,185 
132,214 
144,123 
148,130 
141,102 
1 44,060 
148,980 
146,087 
142,719 
147,931 
148,276 
148,345 
145,019 
141,642 
HI. 543 
141,187 
141,676 
149,106 
149,302 
140,137 
147,062 


10,524 
10,208 
9.615 
10,418 
10,404 
10,542 
10,4 39 
10,307 
10.117 
10,186 
10,246 
10,282 
10,341 
10,469 
10,3 36 
10.592 
10,400 
10.556 
10,302 
10,266 
10,529 
10,449 


18,94 3 
18,374 
17,307 
18.752 
18,727 
18.974 
18,790 
18,55 3 
18,210 
18,3 34 
18,44 3 
18.508 
18,61 3 
18,845 
18,604 
19.066 
18,720 
19,001 
18.544 
18,478 
18,952 
18,808 


Redondo, Cal., oil ih also given l>y Mr. Weymoulli ( Tninsactionn 
Am. Soc. M.M, vol. Sxx, pp. 7H!) and 790) ns having a range of 
nioisturo of 1.S2 t,o2.7(); sulphur, 2.17 to 2.00 spet-ilie gravity; 
14 to 18 deg. Bamn('>; H.T.U. per pound, 17,717 to 17,900. 

Beaumont, Tt'xas, oil analyzed as follows: (ICtm. Nrirs, Jan. 20, 
1902): Carbon, 84.00; hydrogiai, 10.90; sulphur, 1.00; oxygen, 
2.87. Sp. gr., 0.92; flash point, 142 di'g. Fahr.; burning point, 
181 deg. Fahr.; heating value pound, ealoriiiii'tor, 19,000 
B.T.U. 

Mexican Crude Oil (10. 11. I’l'iibody, Proe. Hoe. Naval Archi- 
tects and Marine lOngitR'ers, 1912). Mexican eriiih* oil is very 
sticky and viscous at 80 deg. Fulir. On heating to 212 deg. h'alir. 
it turned to foam owing to the presence of water which failial 
to separate out. Sp. gr. at 00 di'g. Ibihr., 0.981, or 12.5 Baumr*. 
Moisture anil silt 3.5 per cent; (lash point 310 d(‘g. h'ahr. ; burning 
point 347 deg. Fahr.; B.T.U. per pound 17,551. It was success- 
fully sprayed and burned under natural draft on being heated 
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to 270 deg. Fahr. at a, pn'ssure of 1()5 lb. The capacity fell off 
about 40 per ccuit, from Ibat obiaincMl with the same apparatus 
with oil of 18 (l(‘g. Baum6. 

Air Required for the Combustion of Oil (CJ. R. Weymouth, 
Tranmdwni-ij Am. Hoc. M.IO., vol. xxx, p. 800). The table below 
shows tlu^ amount of a,ir required for tlie coml)ustion of oil of 
different grade's. T('xt books give values ranging from 1C to 18 lb. 
of air or pound of oil, but 14 lb. would bc^ a more nearly correct 
figure. Tlu^ ordinary nu'thod of indicaiing and measuring the 
stciam reejuin'd to al.omizc^ tlu^ oil has been to express the quantity 
as a pcn'ccmt^agx'. of aef.ual amount of waler evaporated in the 
boiler. 4148 p('r(',('n(,ag(^ ranges from abouti 2 to 5 and over, depend- 
ing on the sys(i('m of oil burning, type of burner, etc. While 
such a per(umtag(^ of rating is convenicait, it is inaccurate, in that 
the steam (a)nsumpi ion of bunun-s is proportional to the oil l)urned 
and not to tiu^ watx'i* (waporated. Various tests have shown 
that the steam (‘onsumption of oil burners ranges from 0.14 to 
over 0.5 lb. of stc'am pen- pound of oil. The avc'rage value of 
good ixn-fonnance is 0.3 lb. of steam per pound of oil. With 
good hand n'gulation on variable load this (piantity should be 
somewhat incr('as(Ml, and is somewhat (h'pc'ndent on t.he gravity 
of the oil, tinnpc'ratiin^ at tlu^ bunun-s, et(^ In stationary practice 
the use of air for atomizing has Ix'en pra(4icully abandoned. 


WFJQHT OF AlU RFQmUFI) F()!t THF ('OMBUSTION OF OIL OF DIF- 

FFHFNT (lUAOFH 


UrmW of Oil. 


Por etnil of (’iirhou. 

Por coiit of hydroK't'o. 

Por oortt of i^ulplmr 

Pt\r wilt of nitroKou ..................... 

Pw wilt of oxygon. . , , , 

Por wilt of water. 

Air chaniieiUly reiiuired per pound of <nl, eiUcuIated, 
pound. 


of eombUHlion, per eent . 


Light. 

Medium. 

Heavy. 

ft4.0() 

85,00 

66.00 

n.oo 

12.00 

11.00 

D.«0 

0,80 

o.ao 

0 , 20 

0 , 20 

0.20 

1 . 00 

1 ,00 

1 .00 

l.OO ! 

1 .00 

1 .00 

H 25 

14.02 

13.79 

15, 16 

15.52 

15.89 


Tho table* kIiowh tht* actual and calculated weights of 

air supplied for the (combust ion of various grad('s of oil and various 
pereentages of Ctly, Under pn^sent systems of firing th(5 per- 
centage of COs in the fliu* giustis is often as low as 4 per cent, 
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while with an ample supply of labor atul (he careful adjuatinont of 
dampers by hand it may he maintained as hifjh as El jx-r cent. 
With automatic coulrol it has lu'cn found possihli^ to maintain 
a percentage of GO 2 closely approaehitig th(“ ideal. 


ACTUAL AND CALCULATKI) WUICUT OU Allt UF.gtU UKI) UOU 
COMBUSTION OU OIL 



Idoirr 

' OJL. 

Mkoii m On.. 

llfc;4V¥ Oil. 


C, 84 per cent; II, 13; 

O, 85 per I’eiit; H. 12; j 

( *, 86 per vvnti II. 11; 

Per Getit 

H, 0.6; N, 0.2; G. 

H. 0.8; N 

. 0.2. O. 1 

S, 0.8; N, 0.2; O, 

COa, by 

1.00; IhO, 1.00. 

1,00; liaO, 1.00. | 

1.00; IlaO, 1,00. 

Volume aa 







Shown by 
AnalyalvS of 
Dry (Jhlrri- 
iiey Ganes. 

Pounda of 
Air per 
Pound 
Oil. 

Ratio Air 
Hupply to 
(duunlcal 
Rwiulru!- 

PonntiH «f 
Air pt'f 
Pouml 
Oil. 

Ratify Air ^ 
Supply t»» 
t ‘heifdral 
Uf’fpPr*' 

IhnindN t»f 
Ail prr 

Putiiii! 

Ratln Air 
Supply to 
< 'hmuieal 

Uinpdfiv- 


rneutH. 

UH’llt.M. 

m«9tt!3. 

4 

51.40 

3607 

51 93 

3704 

52,45 

3801 

5 

41.11 

2899 

41.71 

2975 

42 12 

3054 

6 

34.58 

2427 

34,90 

2490 

35 2 3 

2554 

7 

29.77 

2089 

30 04 

2143 

30 3 ] 

2198 

8 

26.17 

1836 

26 39 

188 3 

26 62 

19 30 

9 

23.17 

1640 

2 3 56 

1 680 

2 3 75 

1722 

10 

21 . 12 

1482 

21 29 

1518 

21 45 

1555 

II 

19.83 

1391 

19.43 

1 386 

19 58 

1419 

12 

17.76 

1246 

17 88 

1276 

18 01 

t 306 

13 

16.46 

1 155 

16 57 

1 182 

16 69 

1210 

14 

15,36 

1078 

15 45 i 

no2 

15 55 

1 127 

15 

14.39 

1010 

14.48 

10 3 3 

14 57 

1056 


Specifications for the Purchase of Fuel Oil. 'ria- 1’. S. Bureau 
of Mines has, in Technical Pa}K'r No. H, BUI, the following siM'ci- 
fications, which were drawn up for (he governnamt. covering (1) 
the number of heat-units olRained fora given price, (2) the physical 
character of tlas oil, (U) fhish and burning iKiints, and (1) nnunmts 
of extraneous matter. 

Fuel oil should In; eitlw'r a ludural homogeneous oil or a homo- 
geneous residue from a natural oil; if tlu' latter, all <>otiHtitueiits 
having a low flash point shouhl hav«^ hsm removed by distillation; 
it should not be composed of a light oil ami a heavy r(*Hidue mixed 
in such proportions m to give tlus dtmsity desired. 

It should not have he(m distilUsl at a t.em|M>rat ure high en(»ugh 
to burn it, nor at a tcmjxirature so high that flecks of earhotuweous 
matter began to separate. 

It should not flash Ixslow (K) ih^g. Cemt. (14(1 de‘g. Fahr.) in a 
closed Abel-Pensky or Ponsky-Martens tesbw. 
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Its specific gravity should range from 0.85 to 0.96 at 15 deg. 
Cent. (59 deg. Fahr.); the oil should be rejected if its specific 
gravity is above 0.97 at that temperature. 

It should be mobile, free from solid or semi-solid bodies, and 
should flow readily, at ordinary atmospheric temperatures and 
und(U’ a liead of 1 ft. of oil, through a 4-in. pipe 10 ft. in 
length. 

It should not congc^al nor l)ecome too sluggish to flow at 
0 deg. (lent. (32 deg. Kahr.). 

It sliould have a calorific value of not less than 18,000 B.T.U. 
per pound; 18,450 B.T.U. per pound to be the standard. A bonus 
is to be paid or a pcmalty d<‘xlu(4;(Hl a(u.tording to the method stated 
under scu^tion 21, as the fuel oil delivered is above or below this 
standard. 

It should be rejected if it contains more than 2 per cent water. 

It should be rej(‘<ct(Kl if it contains more than 1 per cent sulphur. 

It should not contain more than a trace of sand, clay, or dirt. 


MISCELLANEOUS LIQUID FUELS 

Kerosene. Bulletin No. 43 of tlu^ IJ. S. Bureau of Mines 
(1912) givers a table of the heating value of kerosene, which is 
condensed below. 


(JALOUIFIC VALUE OF KEROSENE 










Hkatino Valuw : 

BY 










Calokimotwh. 



Specific 












Sam- 

ple. 

(iravity 

at 

60 Deg. 
Fahr. 

Degret^H 

Baninfu 

Fliwh- 

point. 

HtO. 

H. 

C. 

O. 

('aloricH. 

B.T.U. per 
Pound. 











1 









High. 

Low. 

High. 

Low 


0,7912 

46.9 

(13 

0.57 

14.33 

65.16 

0.51 

I 1,068 

10,376 

19,922 

18,676 

2 

0.7925 

46.7 

116 

0. 16 

14.56 

85.26 

0.16 

1 1,052 

10,349 

19,894 

16,629 

3 

0.7930 

46.5 

116 

0.26 

14.37 

65.40 

0.23| 

1 1,045 

10,351 

19,661 

18,632 

4 

0.7999 

45.0 

107 

0.70 

14.22 

65.16 

0.62 

1 1 1,040 

10,353 

19,872 

18,636 


Samplfw !, 2 and 3 warn dnnl^natnd 150 dag. watar whita karoBena. Sample 4 
dwlgnated aa 120 deg. tent “ Btamiard ” keroBene purchased from Atlantic Refining 
Co.. Fittshurgh. 

From Bulletin 43, U. B. Bureau of Mines, 1.912. 


Gasoline. The table on page 142 is condensed from one given 
in Bulletin 43 of the United States Bureau of Mines. 
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ANALYSIS AND (’ALOUIFH* VAtJ'F. OF CJASOLIXK 








d 


Fku 

( 'kNT HY V\ KlUlIT «»K 








S 

3 

d 






PQ 





gx) 

1° 

1 

VVlltlT. 

Hydro 

lO'U. 

t ’urhon. 

0\y 

m 

Q 





0,7122 

66.6 

2.09 

14 81 

Hi il 

1 86 

0.7165 

65.3 

0.09 

14. <14 

84 98 

0 08 

0.7168 

65.2 . 

0. 10 

14.88 

85 01 

0 09 

0.7285 

0.7289 

0.7292 

62.2 

62.1 

62.0 

0.57 

14.81 

84,64 

0 51 

6!46 

i4‘75 

84 84 

0 41 

0.7294 

62.0 

0.84 

14 80 

84 46 

0 /5 

0.7301 

61 .8 


..... j 




lit \1I%U S' UJ !■. »v 




n r 1. pvv 


limit I Ltm ' Hiftli i Luw. 


£':^ o 

1., u, u 

< y 
*» • X ‘A 
* *■^,2 
Y :? A* s 

»* O O 3 


; ! I.4H IIIJIH 
I I, i/?i. iO.4;;’ l*i.| 

I f.4{M, HJ.fiHft' 

1 1. M/- tnji%\ 

noil Hl.6t 1 itIOftI : FI. Hill! 
n.L»« Hi.ftiii' jtimi FI. Hi*ii 
n. Hi.ia i HI FI, Hill 
11,0/ NI,F/^r JliJii/ FIJ.fJ 

' ■ I 


14 74 
11.04 
Fl,04 
14 <l<i 


1 4 , m 
14 *11 


Denatured Alcohol. liullFtiu So, VA, V, S. Btin^joi of M'mvH 
gives the following enlorifie vnlues tif tleimturtHi aleoIuiL 


CALOHIKIO VALtU>: OF IH'.N ATI Iii;ii ALrolIoL 



<T;nt 


■ m 


Bpedftc 1 
Oravlty 

Wiife<_ 

,Hy«ifoic59i. 

U 60*» 



, FMir. 

Fmiti 

HptMdtic 

cinrvlty. 

From 

ArndywlM. 




0,8181 

1 8,1 

12.64 

0,8)88 

8.1 

(2 74 

0.8191 

8.7 

12 7i 

0.8192 

B 7 

12.75 

0,8196 

8,9 

U.75 

0.8198 


12. 7i 

0.820^. ^ 

S,A 

12.71 

0.822.5 


12 60 

0.8241 

mvf 

■ ■ f 

12.47 

*'"3=' 




c ‘iirtiou. 


10 il'l Ml 

* 'itiMS IfltlFf’l , 









n r V 

I'Fitn 

Ai»Hlyf«N 

1 |M!}J 

\iyih -ii f 

i 

Hmii 

I.Htt 

iiiiiii, 

47 

17 

40 

19 

. 6460 

5850 

t 1.618 

47 

47 

19 

79 

' 6 4 2 8 

591 1 

t 1.750 

47 

m 

19 

*19 

.' 6 451 

56 m 

t 1.612 

4/ 

Hi 

19 

95 

: 6440 

5815 

11. 592 

47 

02 

40 

21 

’ 644/ ■ 

58 M 

1 1,605 

46 

92 

40 

15 

64 1 5 

580*1 

1 1.547 

4? 

72 

19 

5/ 

642* 

5804 

11.561 

45 

97 

41 

41 

, 6 1/4 ., 

5 /6lt 

11.4/1 

46 

87 1 

40 

66 

: 61/7 ; 

5//5 

M.4I9 


L«tw, 


i lOAIO 

' lOAlW 
tUAm 
til Am 
10.440 
10.44/ 
10,17*1 
10.101 


> 


Tfar (C, '‘I*. Friteliarcl, in Tbr tunjuHTr |C liinigiti, April 1, 
^■1903), Under norinnl eonditi<mH c*oiil tiir fins n vnltn* for fiilier 
purpoBes •e^cecnling its fu«*I vnltn* eonsitlFridily ; I nil tfiis is ncit 
always true, and it in sc^hiom thut wliut is ortliinirily eiillt*tl wiiliir- 
gas tar can lie dispowd of at a prim* near its ftiol vidiie. 

The yield of coal tar produced by the iliHiillfifitiii of rtiiil viiries 
according to the coal and the niethiHl eniployed, rroiii 4.5 to «J 
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per cent of the wcif 2 ;ht of coal. Its specific gravity is about 1.25, 
a gallon weighing 10.3 lb. The ultimate analysis of a tar made 
from a si;andard gas coal, in a medium-sized gas works, is as 
follows: 

Carbon, 89.21; hydrogen, 4.95; nitrogen, 1.05; oxygen, 4.23; 
ash, tra(?e; volai^ik^ sulphur, 0.50. Heating value by Dulong's 
formula, 15,781 B.T.U. per pound. A series of tests in a bomb 
calorimeter gave 15,708 British thermal units, the tar being prac- 
tically freed from water. 
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or fSp.Gr. Carbon. Hydrogen. O-fN Oxygen. Nitrogen. Sulphur. Caloric. B.T.U. Authority. 
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CHAPTER VIII 


GASEOUS FUELS 

The heat of combustion of gaseous combustibles has been 
deteritiined for a great many compounds, definite and pure. 
That -of the industrial gases has l)een determined by different 
operators and in diffenmt ways, with more or less happy results. 
Its d(d.(a'nunat.ion is oft(vn one of the greatest commercial interest, 
since', it is us('d in domestic heating as well as in industrial appli- 
ances, wh('r(^ it. is necessary to obtain definite, regular working. 
It s(‘rv('s also to furnisli motive power to gas-engines, in which 
the lu'at of c.ombustion is not witliout importance. Finally, it 
is well t.o know t.he lu^at produced in air or water-gas apparatus, 
if w(^ wish to n'acli t.lu' b(\st condition for theur production and use. 

For luxating stcam-boiUa-s gas has giveni good results and a 
very high (evaporative effecit. It is ('asily rc^gulatcal, and thus 
any r('(|uir(Hl luuit can be produced by simply turning a valve. 
No smeyke is g(m(a'at.(Hi, no soot or deposit of any kind produced 
in th(^ flu(‘H, and theax^ ar<‘ no ash(‘s to take out of the ash-pit. 
The fin'plac^e sc'ldom ikhhIs n'pairing, and the boiku' is hemted 
ev(ady and n'gularly, tlK'n*! Ixung no dangcu' of burning out in 
strongly lu'atcHl spots, as no such spots ('xist. 

In metallurgic’al furnac(‘s, gas poss(\sses a decided advantage 
in its long, (^l(*an, easily managt'd, intc'nse flame, and this advan- 
tage has been long r(HX)gniz(‘d. A flanu'. of 25 ft. or more in 
Icngtli is easily produccHl, and it is practically uniform for its whole 
extent. Part of th(^ luxit usually lost up the chimney can be 
utilii^ed to air-supply, and no more is supplied than just 

enough for pc'rfect. comlmstion. 

Using gas as fiat c'nabk'S the mct-allurgist to use poor grades 
of coal, and all variat ions in (|uality may be eliminated, a uniform 
product lK*ing luul l>y storing the gas in a liokk^r, or by making 
propca* arrangcanent of differemt gcau^rators so that an average 
will 1x5 obtained. In s(W('.ral castes where liand-fed coal fires have 
been tried against firc's burning gas from the same coal, better 
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results have been obtained, due to tlx' poHsibility of inon^ e.Iow'ly 
adjusted regulation. The tests made' at. Hrieg may Ix' citcxl. 
Here each boiler had 141.2r) s(|.ft. of iu'ating-surfaet' and .sh'ain- 
pressure 90 to 100 lb. pt'r sepin. 

No. 1 boiler wjus hand-fired; No. 2 was gas-fiiHui. 'Fluj evap- 
oration in pounds per pound of fuel was: 


No. 1 

.. 8.:w 

8.7*1 

8.28 

1,02 

2.r)(i<) 2.704 

No. 2 

.. 9.8(i 

9.72 

10.07 

fell 

8.251 8. 15H 

Increase. . . 

.. 18% 

l^Vo 

20^;. 

a.T';, 

*}rr^ l.H'" 


HEAT OF COMIUtSTlON OK «!AKK.S KUO.M AN.\I,V.SIS 

When the. chemical composition of a gas is known exactly, its 
heat of combustion can be correctly calculated; but in absence 
of a correct analysis, the {‘alorimctcr must be used. 

Knowing the proximate compo.sition of a coinbuslibh' gas, 
that is, the proportion of cluanically dclincil c(ani)ota'nts as W(>11 
as their heats of comlawtion, it is sutlicicnt to add the tannbers 
obtained for each constitm'ut gas. 'rake, for example, the analysis 
of iUuminating gas of Mancla'Hter ns given by Hunseii: 

Hydrogen ■l.l . r>,S 

Marsh gas ((JII4) ;M,9() 

' Carbon monoxide ti.tH 

• Ethylene ((bll^) .!,(« 

Butylene ((ItHs) ‘i.iiH 

Sulphurous acid llaS 0,29 

Nitrogen 2 . 40 

Carbon dioxide ;t , 07 


The calculation is ns follows: 


1(H). (K) 


lllilt Ilf 

Numfmr cif VViiKht t ’ytilr C’ltlrtilttfitt! 

Gornporienti. ' Littiw jwr Minnf ta «^ ( *, liiiil prt Gitlurlw. 

CUibic 70 lum,, CimiHH. ciihir III C.liw, 

t 'iiliirli'ti 


Hydrogen 

Marsh gas, GHi .... 
Olefiant gas, Ggif*. . 
Butylene, (hlli. .... 
Carbon monoxide . . 
Sulphurous acid, HaH 


Total calories per cubic motor. 


m m 

1151 *14 

mi m 
U5I .n 
25fi m 
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City of Manchester gas, as analyzed by Bunsen, gives, then, 
with c()inpl(‘t(i coinhustion, GOOD calories per cubic meter (685 
B.T.U. pc^r (uibic foot,). 

If, liowtwca*, only the act.ual ultimate composition of the gas 
is known or the t,ot,al ]Hn*c{mtage of carbon, hydrogen, oxygen and 
nitrogem, tlu'ii t.ht‘ (‘ahailated result will differ from the experi- 
nientai ont^ This is l)(‘cause the lieat unit,s of the elements added 
tog(4h(‘r do not mak(^ those of tlu^ compound, as the heat of com- 
bination of th(^ diOeremt (‘.onstit.uent gases is iiot allowed for. 
If tins fac^tor is known, tlum it. can be us(‘d as a correction and the 
corrc‘(‘t heat, dehnanined. 

This luait. of (combination of thec ctcanents to form the com- 
poiumt. gaat\s will scum in (comparing tiie calculated and the 
atd.ual luait of combustion of th(‘ following gases: 






(’aU‘ulat(Ml 

Actual 


(Sant'H. 

Formala. 

Carhon. 


mnit, 

( 'alorli'H. 

11 cat, 
('.alorlt^H. 

DilTeronce. 

MafHh Kan 

(Oli 

75. 

25. 

14,665 

13,343 

4” 1342 

OU'liaat Kan 

('an 

«5.7 

14.3 

11,859 

12,182 

- 323 

Act'tylfiu' 

enn 

n , } 

7.7 

10,114 

12,142 

-2028 

, 

c'«in 

92 . } 

7.7 

10,1 14 

12,410 

-2296 


It will also b(* s(‘(cn, that although two gasc^s may have the 
same pi'rccmtage (composition of th(‘ ekanents, yet the heat of 
(U)nibustion may b(^ dilhenmt owing to the action of the various 
physical forctis at work in mokamlar comUmsation, etc. 

(’UAL (JAS 

Coal gas is oldaiiu’d by tlu’ (k’stnu’tivc' distillation of bitumi- 
nous or semi-bitumiuoUH coal in elostnl nd.orts, Tlu^ gas is washed 
and purifUnl to nanova’ th(» anuiionia, tar atul other impuri- 
tbs. Th(^ rc'skhu’ natiainitig in the ndort is (‘oke. 

luait of (‘ombust ion of illuminating gas obtaincal from the 
distillatiori of coal in c1oh(h1 redorts is v(‘ry varial)ka It (kpends 
not oidy on tla^ natun^ of th(‘ fiud, but also on the rapidity of 
the distillation and thc^ heat by which it is accomplished. The 
heat of combustion varic’s from 570 t.o 605 B.T.U. per cubic foot. 
It cannot be repn^simhal by any average number. 

According to Bu(d)-I)(*Hsau, the illuminating gas of the same 
city during the same day will sometinu^s vary 20 per cent. Dr. 
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Birchmore roporin \hv shuh‘ n'sull frotn his ^^KununalicniH of tho 
gas of Brooklyn, N. Y. 

From Hovoral (‘xiK'rimtaits wliic-li lu’ luado, Htu*l>«l)oKHau* 
thought that tlu' lioai <>f rombti.sfiiui u{ illuiuinatiiig gan \vm 
directly proportional to <ii<‘ <‘anillo Hit* ex|MTimentH of 

Aguitton hIiow tlu' contrary. 11 c condtalcd from loa dcfcnnina- 
tioiiH that (ateh illuininal ing gas of (iiOVnatf cumllc' power has a 
definite heat of coiuhustion which {’tirresponds to th«^ inteimity 
of the light. Aguil loti's <‘xpcriincn{s were carrietl on with more 
than a hundred sainplcs, rich ami |H>or, the formin’ kind from 
cannel coal, the laltiT from (hi* end of the run carrimi to an 
extreme. Ih* n^prestmled hy (he following forioula (hi* relation 
between can(llt*«power tind heal of cotnhustion of a gas: 

V /x:i52Jld 22H(). 


in which c repriwnts (he heat of comlaistion and / the caridlc-. 
power. The lorimda seems lo he apphcal»le only InUweeti tlii^ 
limits at which it 1ms been verified from 5 to 15 camlles. Aguit- 
ton’s dctermiiuUions were made with the ealorimofrir hoinh. 

I h(^ following (tihh* giv'es a M%’Homi* of hts ohservations: 


r>. . 

(i. 

7 .. . . 

5.. , . 
i). . ^ 

10 . . . 

11.. , . 

12., , 

13 

14 

15. . . , 


iO'rti Ilf e»itfiati»4iiinii 

i |n-'f 

I MrO-r. 

I(H:i 

4:m 
47 m 
Mill 
oio:i 
OHiHI 
(U5H 
hall 
IlHIrl 

721(1 

7:m 


75(111 ^4Cki:i 


HI 


352. (i, eoeffiiacnl iido|ifrii 


* Bueb-Dewm eitei tlie fellimang immm i*(h**f¥»: 

( ‘ftIuUi’ |Hr%rf 

Qm of l'lt*wiiu , . . , ^ , , M 

Giw cif Bnatiiat. . . . 21 !» 

Otti frma fioiaet rent, , . , , 2 tl U 


4 II it rjiiiiririi 
I if#/#! I ** 
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i thr(H^ Ha,ini)l(‘H of illunuiuitiiij!; gas, analyzed and burned in 
nl) by Mahl(‘r and givcai in the table on page 152, call for 
owing obHi'rvations: (Jus from Niddrie cannel coal, having 
at(‘Ht (‘ulorific^ povv(‘r p(‘r <mbic nud-er has the least calorific 
p(‘r kilogram, b(M‘aus(' its dcaisity is greater than that of 
\vr two. d'hc‘ n(*lu\sl, in hydrogcai by volume (Lavillette) 
()W(ss(, in calorific* powca' pea* (Uibic; meter, while the poorest 
rogem by vv(*igh(. is th<‘ riclu^st iu calories per cubic meter. 
iirc‘ diu‘ to t!u' low dcaisity of hydrogen, which has a lower 
(* value* by volunu* than thc^ otlua* hydrocarbons present 
:unat.ing gas. 

ubi(^ nu‘tt‘r of hydrog(*n dcaa^lops d()i)l (calories in burning; 

; mc*t(‘r of marsh gas d(‘vt*lops 10,038 calories; a cul)ic meter 
ant gas, 15,250 caloric's. 

* table* lu'nnvith giv(*s the c^alorific value of illuminating 
ulc*. from dinVn*ni kinds of c^oal, in eloscHl retorts. The 
’c*rt‘ made* at Ann Arbor, Mich., iu 1909 l)y A. H. White 
*rry Bn,kc‘r, and arc* rc*portt‘d in Bulletin No. 0 of the U. S. 
i of Mint'S. 


[FIC? VALCK OF ILLOMlNA'l’INCJ (IAS FUOM VARlOluS KINDS OF 
(‘OAL 


(HuUftin No. 6, T. S. Huroaci of 1911) 




Anai.vhih of < 

*OAI.. 


C 'uUjrilic 
VhUu* of 
C‘cUll, 

C iUH 

( 'alorltlc 

c'ottl. 


A.*4i. 

Vola ’ 

Fixotl 

Sul 

pur 
Pounti 
of Dry 

Valuu of 
( •a« pur 
C'u.n.. 



tilo 

A! 11. nor. 

C ’arboti. 

I)hur. 

ii.'r.ib 

c ’oal. 

C'u.ft. 

B.T.IL 

i?h. . . . 

! aii 

6 41 

y H2 

sa as 

1 12 

14,026 

4.9 


i{ti. . . 

2, I« 

7 , VI 

y 96 

r/.vi 

t 41 

t3.8!S 

SO 

593 

i-jls. - ■ 

I m 

6 6H 

H.2S 

sa 02 

1 49 

13,9SS 

S.4 

550 

.V ■ ■ ■ ■ 

I 4li 

h.i% 

It 16 

60 n 

0 43 

1 3,8«S 

4 9 

578 

xiro - 

2,11 

11. to 

It ,42 

SI 2S 

0 67 

12,418 

4 7 

606 

» . . 

7,17 

14 

y 36 

4S,92 

1 00 

10.9S3 

5,2 

566 

rifitiiii 

1 m 

S %7 

10 , 6S 

62 SO 

! S3 

14.S31 

S ,3 

555 

'llr'o . 

2 U 

6,94 

y i« 

S6, S6 

0 70 

13.385 1 

5 .0 

618 

^ 

22 U 


,12 26 

39. 37 

0 16 

9.S92 ! 

7 0 

502 


0,71 

ia.12 

J4. 14 

S6.a3 

0.S7 

12.436 

5.0 

550 

»o 

1.1,1 

205 

14.09 : 

S9.73 

0 72 

I4.24S 1 

5.7 i 

575 


7 71 

4 29 

29.13 

61.67 

0 SO 

13,990 

5.3 

538 


4,66 

7. 19 i 

14.44 

33.71 

1 96 i 

12.919 

4.3 

568 

•y ^ 

1.17 

3,76 

12,40 

60.67 

0 4S 

14,200 

S.O 

561 

0. ^ ^ 

9,2« 

5. IS 

11 ,.67 

11,70 

0.98 

12,456 

4.7 

526 

i:h. . . . 

2,41 

4,.aa 

y . 70 

S9,99 

o.as 

14,036 

5.3 

664 

rKiuiii. 

1 27 

6.ai 

29.02 

62,86 

1.18 

14,344 

5.1 

557 
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UAH FItUM UAH UF.XKUAI’UHH 

Gas gencratorn, inHtmct c»f tnuiHf«n‘iiiing IIh‘ fui‘! inia mrhori 
dioxide and water in a ningh' eurnbuHfidru pruduc’i* fhin rdutnge in 
two distinct burningH, making u (‘nmbnHfil»li* ga.n whic’h in aft«T- 
wards burned with air. 

Coal, for example, is bunaal in Hta*b a mam»»r by bailing with 
an insufficient supply of air tfuit u gaseouH mixture ix prudmaHl, 
containing principally carlKUi imamxide and nitrogen fr«»m the 
air. As the combustion has bt‘en well or ptMuiy mniiaged» it con- 
tains a less or gr(‘atta’ (fnantity (»f earbiui dioxithx the laxHluc^tion 
of which is avt)icl(‘({ an ntuch as possibltx 'rius is done by giving 
to the fuel only just taanigh air to birm carbon natnuxidc, and not 
enough to form carlaui <li(»xtdtx eviat fiarfiitlly, and by making 
the bed of fuel quite (itH*p. Carbon dioxide formed in the lowf*r 
portion of tlte fuc*l bed, takf^s up another atom <»f car!«ai in passing 
through the upiH!r part of tlie fire, aial is tlms converted to carbon 
monoxide. If the fuel ImhI is too sltallow, thiH conversion will 
not take place. 

The heat produccnl by the parlial combtiHfion to 
monoxide cannot he utiliisinl, uiul eonset|tieiitIy an inifwirffini 
portion of the tmlorific* i>ower of the f‘oa! is hmL Chaienifor gm 
is then lower in (taltiricH, aral inferior to coal gas, as ciirnitioiily 
made by distillation. 

One pound of ciuhoii burned t.ii carbon iiioiioxifli* proilin’txx 
^50 B.T.U., while if burned to carbon dioxide it geiientU^s l.4.fKM) 
B.T.U. There is lost, them, in burning riirtion In carbon 
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monoxide in a gan g(‘n(‘ra,'f()r nhout. 30 |mt rml of tht» available 
heat units. 

At first siglit this nu'fhod tjf workirac sooins irnifioitiib but 
for obtaining high femporuftu’iss ilwtv an* |)rartt«‘:il atl vantages, 
whose importanta^ far (‘Xcaaals the Io>^s t»f !tt*at \u fin* gas goiita'atca. 
It permits muc‘li inon* elevnletl f(*m|Ma'al tiros, and tin* ro«»ovc‘ry 
of a large portion of the hcait, whieh in diroet sysfi'ins of heating 
in high tempm-aiurt* furna.ei*s passes fu flie ehnnney as a eoiu- 
plete loss. Tlu're is aetunlly an eeomany m flu* ordinary nietab 
lurgical methodH (‘Vim with this lt>ss. 

By means of gas geru*ni!i»rs then* an* pn«luet‘d three kintls 
of gaseous fuel: prmlmrr ijas, forim*d i»y t!ie inrmnplrte eombustbn 
of the fuel, with tlu* pnHtuelion (4 a mixed gas eontaining efirlKin 
monoxide and hydrogmt etuujsmnds; wnfrr fais. foiineil by the 
decomposition of wnha’ hy earlKin .at a high !ein|Miatur«% witli 
production of carhon mom^xate, hydn»gern and ti>drogmi eom- 
pounds; and mimi (jus, formei! hy the imxtiiif tu’ the two pre- 
ceding gasi'H by a process whii’h rombmes tb** |iroduelion of the 
two gases in the same furnaee. 

euoma i;n oah 

Producer gas n*HultH from ineompteii* eonilaisf infu mid its form- 
ation causes a loss of oneditini <»f the beat nmiH that would result 
from the eompk*te eonibuslion nf tin* fu*4. die* gas eontntuH, 
naturally, tlie tiitrogen of the air icied. to wbieh must In* added 
that of the air necessary to elmngi* the eaii«»ii muntrxidt* and the 
hydrogen to carbon dioxide and wafer, ‘Thr bra! of eiJiubtislkin 
and the comjHwition varies eoiisidentbly. due lu \ariafioii in llie 
composition and cidorifie value of tbi* eoat iit^ett m ilie jirodtieeiv 

The proportion of nitrogen in pr««iueer rearlioH fib to iMi |a*r 
cent; that of carbon nionoxnie, 21 to 22 }«u' etau : that of liyiirogen, 
from traces to 17 jau’ cent, 11a* fbe'«»ri*lieal ealeulattiiii for ilie 
comlmstion of carbrni in air to a gas eonfaiiiing otily rarbifi 
monoxide and nitrogmi gives rt*Mj«*efivr|y :il.7 nini fb.:i im' emL 

The composition of air is, in rmind 7!l finrts of 

nitrogen and 2I parts of oxygen. Oxygf*fi iituvle-i I grmiis }M*r 
liter. The atomic weight of earbon is 12* iind of oxygi. ii Iti. 

12 : III ■■ liMM) griims : graiiis.. 
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A kilogram of (;aii)oo ikhhIs, then, for combustion to carbon 
monoxide^ I J kilograms of oxygcai. Bince a liter of oxygen weighs 
1.480 grams, 1888 grams would occupy 982 liters. These 932 
liters coml)in(‘d with carbon to form carl)on monoxide will have 
a volunu' of ISlvl lit(a\s. Multiplying 982 liters by the coefficient 
4.77 (s(H‘, Tabl(‘ 17), we obt.ain tlie corresponding volume of 
the air or 4^145 liters. The gasc^s of combustion will be composed 
then of thc'S(’! 'M4r) liters of air and tlu^ 982 liters of increase in 
volunu^, or 5877 li(,(‘i‘H of ga,s for 1 kilogram of carbon. The 4445 
liters of air will contain (at- 79 {xa* cent) 8513 liters of nitrogen, 
or 05.3 per cent.* 

The calc’ululion is tnorc^ (‘omplicaknl when we have fuel con- 
taining hydrogcan as oiu^ portion of the oxygen disappears by its 
combination with tiu‘ hydrogem (.o form water. Take for example, 
a coal (a)ntaining 90 p(U’ CHUit, of carbon, 5 per cent of hydrogen, 
and 5 per c(mt. of oxyg(m. Suppose 1 kilogram of this coal, under 
theoretical conditions, buriu'd in a producer, i.e., with perfect 
transformation of th<^ carbon into (‘arl)on rtionoxide and no resi- 
dues. This coal (H)ntainH 900 grams of carbon, 50 grams of hy- 
drogem, 50 grams of oxygen. Niru^ hundred grams carbon pro- 
duce 2100 grams carbon motioxide, r(X|uiring 1200 grams of oxygen. 
Twelve hundrcHl grams of oxygen occiii)y 839 lihws. Fifty grams 
of hydrogem produce 450 grams of water, and require 400 grams 
of oxygt^n. 400 grams of oxyg(m ocumpy 279 liters. But 

the coal itaif contains 50 grams of oxyge^n, occupying 35 liters. 

We hav(% tlum, 889 4“ 279 - 85 — 1088 liters of oxygen required. 
The air ncHxlccI is 1088X4.77 -51(>0 for tixi incomplete combustion 
of 1 kilogram of carljon. Th(‘se 5100 liters contain 4080 liters 
of nitrogen. 

To obtain the total vohmu' of gasc^s protliaxHl by the incom- 
plete comlmstion, w(^ sliould add to tiu^ volume of the air intro- 
duced the voliune due to t he formntioii of (carbon monoxide. This 
is equal to tlie vokinu‘. of t h('> oxygcxi usiul, or 839 liters. We have, 
then, 5100 + 839 » 0005 liters. But a quantity of oxygen has 
disappeared corresponding to the formation of the water, or 

*()nc pound of car!>on raquims 1.333 lb. of oxygen; 1 cu.ft, of oxygen 
weigliH 0.08926 Ih, ; 1.333 Ih. incfisumH 14.93 cuit . 3'hese would give 29.86 of 
CO. 14.93 X4.77-7l.2l0, and 71,2164*14.93 »H6.146, volume of gases of 
combustion. Tliese contain 56.26 cu.ft. of nitrogen. 
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279—35 = 244 litom (35 liU*rs (‘xists in thr cuul as ahovt*), and 
6005 — 244 =57()l lilars of ^as pnuhic<‘ci hy thn iac’(iniplo((‘ com- 
bustion of 1 kilogram of coal. 

Now, 51()() liters of air contain 4079 lit era of nifrogcm, whi(‘h 

would form or 70.H |M‘r ccmt of iUo t(4al gas. All thi‘He 

57(n 

are based on a temixa’atun^ of 0 deg. (Vnt. and a pr(\ssurc‘ of 
760 ram.* 

Mahler determinc'd th(» laait of combust itm (*f a sample c4 
gas from the Follcanbrny glass-house, ami hniml its caanposition 
by volume, using coal from Ihdhinua !<» In*: 


Marsh gas 2 

Hydrog(m .......... . 12 

Carbon monoxidi*. 21 

Carbon (lioxid(‘ 5 

Nitrogen 00 

100 


The heat of comlmstitm calculated from its (’otnposifiim is: 


Marsh gas 

.. 1) (12 

KMia.s 

2(ML 

H 


Ilydrogcm 

.. 0 12>. 

:!(I!U 


!l 


Carhoti monoxide. ...... 

, (1.21 :< 

:um 


0 





12U). 

7 


With the horah he* found 1212 

cnlorms. 





WATKU tIAH AN' 

n MIN no u 

AS 




Wat(‘r gas is produccnl by fht* 

deenmpu^ifitm tif 

wafer 

' Ilf 

hi>^h 

tempcrat.uri'H l>y fticlH cojitniiiitiK l»tit htll< 

* hydr 

egell. 

Stic 

'h its 

♦ One pound of coal would contain 

lUKKI griiiiw 

id curl It 

lit, :i5li 

griiiii*4 lif 


oxygen, and SiO gmiiiH nf hydmgen; O.iai Ih. i-arlMai iinMiiin-i 24 lit, iif 
carbon dioxide, and rwintrca L2 lb. «xyg«*ii; t.2 lb. i:i.44 

cuifc.; 0.050 lb. of hydrogen imaluet’s 0.450 lb, of wiifta’, iifid lb4fiJ lie 

of oxygon, or 4.4B cuit. Tlw ium lb. t»f oxygeit m the rf.«il .irniiiiefi ll.fal 
ou.ft Then 13.44 +4.48 17.40 477 '- 82.81 
cu.ft. of air, containing fl5.4l cuit. itf nitrogen, 82.81+43,44 

-3,92-92.33 totetl voluino of gioi, lyul 

65.41 
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CAI.OIUFTC VALTTE OF FllODTJCEXl GAS MADE FROM DIFFERENT 
VAIUETIEB OF AMERICAN COAL 
(C ’aiuUniHtMl Trotn BuIU‘tiu Mo. 13, U. S. Uurt^au of Minos, 1911) 


Coal. 


Kind of Coal. 

MoiH- 

VoUi- 

tilo 

Fixod 


tun*. 

Matt(*r. 

(‘arbon. 

Alabama ...... 

1 

0^ 

29 

51 

54 

78 

** 

3 

76 

3 3 

45 

51 

29 

ArkaiiHan ...... 

2 

74 

9 

70 

71 

95 

“ 

4 

27 

16 

04 

67 

41 

California ..... 

17 

36 

38 

41 

28 

76 

“ 

12 

77 

26 

16 

45 

56 

niinolH.. ...... 

1 1 

35 

34 

62 

40 

61 

•* 

10 

08 

32 

71 

18 

26 

Indiana 

1 1 

1 1 

35 

1 1 

46 

78 

“ 

1 i 

53 

14 

80 

40 

44 

Imlian T<^rr. . . . 

9 

00 

33 

96 

40 

68 

** ** ... 

% 

00 

36 

51 

49 

98 

I<»wa 

16 

69 

31 

42 

.11 

19 

KannaH 

4 

15 

31 

97 

52 

41 


4 

2i 

31 

49 

54 

09 

Kentucky ..... 

4 

49 

36 

82 

55 

28 



H 

47 

35 

24 

46 

81 

MaHHachuHfdtH 

49 

80 

27 

27 

10 

88 

MiHHOurl ...... 

11 

60 

35 

28 

18 

28 

** 

11 

60 

35 

28 

18 

28 

Montana 

n 

56 

32 

16 

45 

69 

** 

II 

40 

34 

55 

43 

11 

Now M ox loo . . . 

1 

79 

31 

32 

51 

40 


2 

42 

34 

82 

49 

21 

North Dakota. . 

39 

56 

27 

78 

26 

10 

n «« 

38 

.92 

25 

.54 

30 

15 

Ohio ' 

8 

.70 

35 

.58 

41 

.61 


4 

, 39 

35 

.91 1 

51 

.77 

FonnHylvania . . 

2 

77 

33 

.94 

54 

.84 

2 

. 15 1 

35 

,01 ! 

55 

.18 


3 

40 

17 

.58 i 

54 

.27 

** ..... 

3 

.55 ^ 

26 

00 

49 

.88 

Tmm ......... 

12 

,20 

30 

,11 

28 

.82 


34 

.08 

33 

15 

25 

.12 

Dtah., ....... . 

S 

.83 

42 

.46 

47 

.05 

Virginia 

2 

,36 

16 

40 

55 

.44 

4 

51 

22 

.77 

62 

,64 

Waahlngttm. , , . 

4 

01 

14 

61 

47 

.49 

“ .... 

16 

.02 

31 

.27 

16 

.81 

Woit Virginia , , 

1 

,81 

14 

,14 

51 

.61 

** . 

1 

.91 

11 

,81 

57 

. 19 

Wyoming. ..... 

18 

.26 

17 

.18 

41 

.82 

«( 

8 

6i 

36 

81 

12 

.81 


1 

Gah. 

Ash. 

Sul™ 

plnir. 

13.T.U. 

per 

I’oiind 

as 

Fired. 

GaH 

Made 

per 

Pound of 
(k)al an 
Fired, 
Cu.ft. 

B.T.U. 

per 

Cubic 

Foot. 

12.64 

1.15 

12,953 

75.4 

152.0 

9.50 

0.86 

12,865 

58. 1 

143.5 

15.61 

2.45 

12,546 

61.9 

130.0 

12.26 

2.15 

12,773 

73.3 

125.5 

15.47 

2.96 

8,530 

32.1 

158.3 

15.51 

2.28 

9,474 

39.6 

132.6 

11.40 

4.76 

10,733 

45.5 

168.0 

18.95 

4.15 

9,958 

41.5 

120.2 

6 . 98 

1 .64 

12,031 

55.7 

154.7 

11.21 

3.11 

10,924 

55.6 

131.9 

16.16 

4.12 

11,392 

56.4 

161 . 1 

8.51 

1 .43 

12,787 

51 .6 

159.2 

20.70 

5.50 

8,735 

48.5 

160.2 

11.25 

3.00 

1 12,836 

60.1 

167.2 

10. 19 

1.18 

12,967 

66.0 

128.9 

1.41 

0.51 

13,747 

64.0 

176.0 

9.48 

3 . 60 

11,986 

55.0 

153.7 

12.05 

0.34 

4,241 

25.8 

166.6 

14.84 

4.56 

10,505 

55.7 

140.0 

14.84 

4.56 

10,505 

40.5 

135.6 

1 3 . 19 

0.54 

10,685 

41.2 

181.5 

10,74 

1.72 

10,575 

45.2 

127.7 

15,49 

0.66 

12,542 

63.9 

159.6 

11,51 

0.63 

12,501 

61 .0 

135.3 

6 . 16 

().93 

6,802 

25.2 

188.5 

5 19 

0.48 

6,739 

32.6 

: 145.0 

12 09 

3 , 82 

1 1,302 

55.3 

170.2 

5,93 

1.42 

13,414 

72.5 

152.3 

8.45 

1 .37 

13,306 

63.4 

159.5 

7.66 

1 .60 

13,921 

64.2 

126.6 

4,75 

0,83 

13,882 

77.6 

167.9 

20.57 

0 , 76 

1 1.621 

65.4 

133.3 

8 87 

0 88 

7,601 

11.9 

171 .8 

7,45 

0 . 49 

7,448 


156. 1 

4 66 

0,57 

11,212 

59.1 

171.4 

5.80 

0,67 

14,080 


169.0 

10.08 

1.59 

11.351 

78.3 

138. 1 

11.89 

0.38 

12,218 

58.1 

168.6 

11.90 

0.59 

9,614 

38.2 

144.1 

8.22 

0.62 

11,288 

54.4 

171.6 

28.08 

0.54 

10,545 

76.8 

106.3 

2.74 

0..47 

10.460 


171.8 

21.71 

4.47 

9,853 

41 .7_ 

146.6 


anthracite, charcuial, or cokcf. Mixi'cl with iiydroearhon vapors, 
added to eiiri(;h it, or wlueh may have Ihh'ii d(‘coinposed with 
the aqueous vapor, it is xiwsd as illuminating gas in a great number 
of cities in America. It is also U8(jd for heating and for gas- 
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CMAmmc powKH (h- fi kls 


engines. Mixed with prodiie(‘r gas, it lias Inaainie a powca’ful 
means of heating, espcnially wlaa't^ high teinpnrat un‘s mv wanted. 

Water gas contains hut litth' nitrugtm; tins is its main dis- 
tinction from producer gas, and that which give.s it a sfieciul 
value from the point of vimv of (‘t*<ai<nnicat !a*ating. 

Aqueous vapor and carbon wia*n suhmittrd tc^a liigh tcanpera- 
ture, produce carlion monoxith* and hydrogcai. Theorrt ically, 
these are free from nitrogiai; hut tla^n* is always presemt a small 
percentage due to various caus(*s. In the air gas prodiu’cr 12 
kilograms of carbon and Id kilograms of oxyg<m latomio wiaglds) 
unite to form 2H kilograms of c‘ar!HMi mono\if!<\ On l!ie ot!a*r 
hand, 12 kilograms of (‘urhon and IS kil«»grains uf water form 
28 kilograms of (*arl)on monoxid(‘ and 2 kilograms of hydnigem 
Then 1 kilograin of carbon furnishes 2.o kilograms of gas eomposed 
of carbon monoxitk* a.n<l hydrogeai. 

One kilogram of hydrogiai Iiasa cahtritic valui’of 2!ktH2 calories,* 
This also is the (|un-ntity of h(*at nec’essary to dnromp«»se tlie watm*; 
in the ease of tlu^ water gas gtmerutor fla^sn ealories are formed 
by the earlion ImnuHl. Thc^ 12 kilograms of carbon will have* to 
furnish, then, the heat n(*c(‘ssary to dcci»mpose IS kilograms of 
Svater; that is, 

2X2iMH2 fiS.tW calories. 

But 12 kilograms of carbon, in burning, genernh* only 


12X247:i 2!bd76 ral(»ries. 


To decompose tlie wat(a% tlien, there is n shorfagy uf 
58,08*1 20,1170 ■ 28, *108 c’ldories 

for 2 kilograms of hydrogeai, or M,2(M calories for I kilogram. 
The heat must 1 k^ furnislual by imexteniid sonrei*, In of her fertiiH, 
to gasify 1 kilogram of carbon there must be sti|ipliinl 

14,204 (1-2807 eiilorit*s. 

The heat neee^ary for tl«* deeom|iosition of flit* wiiti*r is 
actually taken from that <if (la* prepiiriitory c»f tti«* air 

* Wafer iH'iiig et«isitler<*il viifMir. 
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gas pro(hi(*i'rj whi(*h inakos a loss of oruvtturd of the total calories. 
In burning t.!u‘ watca- gas ina.(Ie uiuk'r iluvse conditions we utilize 
a part of tlu' h(‘at- whicli would hav(^ ham lost by the air gas 
producer only. 

Tlu^ ({(‘composition of wat.er by carbon is not as simple as 
would app(‘ar from tiu^ (‘(piat.ion 


H2()+C-(X)+Il2. 


The low(n* port ion of ihv fu(‘l of the gas producer* burns to carbon 
dioxide on a, (‘count, of air b(*ing pr(‘S(‘nt.; in the upper portion the 
nau’t ion iak(‘s pla.c(‘ b(‘tw('(‘n the gas('()us i)roducts formed in the 
lowin' portion and th(‘ lu'ah'd (‘.arbon. The carl)on dioxide is 
tiun) in (‘ontac^t with th(‘ lunited carbon and is reduced to carbon 
monoxide: 

(j+(;()o^2CX). 

Thus, tht‘ (’(‘act ion with the wat(‘r would be 

5Il2()+:Kb 2 (X) 2 +(X)+l()n; 

carl)on dioxide b(‘ing r(‘du<*(‘d to carbon monoxide in the final 
reaction, as in th(‘ cas(‘ wit h the air gas producer. 

Nin(‘ kilograms of a(iu(‘OUH vapor and (> kilograms of carbon 
produc(‘ I kilogram of hydrogen and 14 kilograms of carbon 
monoxid(‘, tluit is, a mix(‘d gas is prodiUHal containing about ontv 
half its volunu' of (nich gas. 

<)n(‘ cubi(^ met(‘r of hydrog<‘n weighs 8»5.r) grams, and a cul)ic. 
met(‘r of (‘arlmn monoxide, 1 194 grams. Then the voIunu‘s 
o(‘Cupi(‘d by (‘ach gas would be U.tU) for hydrogen and 11.13 for 
(Uirbon monoxide^ or 51.23 pcT (‘(‘iit. of hydrogtai and 48.77 per 
c(‘nt of c‘arlH)n monoxide. 

From th(‘ forc'gcang account, it will be Ht‘(‘n that the intca- 
mittenf flow is a (‘luwc^ of gr(‘at loss of lu‘at in tlu^ working of thc^ 
wat(‘r gas |)roducc‘r; lait wh<m a gas is wanttal solely for heating 
at high tem|K‘ratun‘H, it may 1 h‘ obtaiiual l)y a mixed system 
working (‘ontinuously. Tin* produc(‘r is fillc‘d with a mixtun^ of 
air and Ht(*am, tli(‘ air Ixang <‘mploy(Hl in tlu^ |)roiK!r proportion 
to keep up the hcait n(‘(‘(‘SHary, or, in othcT words, to furnish by 
the coml)Ustion of part of the carfjon, thc‘ number of calories 
necessary to tlie gasification of the remainder. 
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PUWKH OF FFFFS 


NATl H\h iiXs 

The imtunil gn.H oiilpiat in th* I'niiml 1 iii.h nftraett^cj 

conBi(l(TahI(‘ n(t(*nli<)rj FSTn, aini ftftaally Mitrt* Issci. Thia 
gas alwa-yn aceompaniens pcanjli-tim, alflaiugli p«*iiHtriii!i 
alwayn aeeoinpaa.v <lie gas. 'VUv urll.s mv >afuairi| m varicnw 
portions of N<‘\v York, ikainsv haiaa. uIhu, Indiana, W'rst Vir- 
ginia, K(aitii{‘ky, TnniH‘ssrf‘, c Hlurailn, <‘alif»»naa, a.iiii also in 
nmnerouH lo(*aIionH in ranada. 

Natural gas in nnf nf a rimslain ur nnitHrm «'nni|H»sitinn 
varying very nmeli aeenrding ff» iUv lMra,lif> in^n whivh it is 
taken, Tlu^ individual nunstifunnt gn-r-. \,Hry f^fUwriai wide 
Ihniis, hyttrngcai at some plarrs biang nlinnsf jdr'i*n!. wtnle at 
others it is as liigh as 35 nr l-U iht naif. Mllf■^h gas is m nvnrv 
ease th(^ prineipal ennsfilfienl, hnf fhe^ inn-; dtmn a-; Ihw as dl) 
per cent in aonic* analysi^s, Xilrugm es alssiait, niu! 

when prewnt in large ainnuntM, n is nip|H,i,->a!4i'‘ that thv gn« 
amilyml wan eontnininated with atinM^^plaa n an , 

The Oliio and Indiaim fi»dds urid git-, iif nraivr a uniform 
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In luidltlon In the dllhu'eiiee m roiiipnHitiMii III 1 1 jf li*ri'lil hieiil* 
itiea, the* eoinposition of thi^ git,N eon-‘it«li'ral*h froin fiiiie 

to time in eiicdi well, I lua ih shoun Fv flu' itiialyj^i’S 

milder at diffc*renf fiineH W’itii}}i u iwaiiwt uf tlnri’ iiiiiiiilis from 
a well at Pitfshurgh, Pn, ;* 

*T\m nitilmtmii di.K^ iiiit laiib tti*' t»ntrhr4 Fy ilit 

Burmwi of Miiiw in rrpinl in Piiid.iioi.li ihr Oiiar- HU. 
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ANALVSKS OF PITTHItUUGH NATURAL GAS 



1 

2 

3 

4 

5 

6 

llydroire'ij 

<) , 64 

14. 4S 

20 . 02 

26.16 

29 . 03 

35.92 

Marwh gu-s 

‘>7.85 

75.16 

72.18 

65.25 

60 . 70 

49.58 

< aaM. . , . . 

0.80 

0.60 

0 . 70 

0.80 

0.98 

0.60 

niumlmuUH. 

^.20 

4,80 

3,60 

5.50 

7.92 

12.30 



2. 10 

1 .20 

1 . H) 

0.80 

0.78 i 

0.80 

< 'arbcHi iiuuioxido 

1 , 00 

0. a) 

1 . 00 

0.80 

0.58 

0.40 

( ’arlHHi <li<»xido . , 

0 . 00 

0 M) 

0.80 

0.60 

0.00 

0.40 

NitrofC'H ......... 

2F41 

2 89 

0.00 

0.00 

0.00 j 

1 

0.00 


From Uk' (*oinposil ion of (.h(‘ it will bo readily seen that it 
Ls a valuubl(‘ soun’c* of lu‘al, th<* calorifics powca* reacliing 10, 000 
(‘aloricss or IKK) H/P.U, pea* caibic foot. It is used for domestic 
purpomss, stcainp glass making, iron mills, brick burning, and 
in nunaa'ous otlaa’ ways, and until nastaitly, us(h1 wastefully in 
alb 

As companal with <*oal, 57.25 lb. of coal or 03 lb. of coke are 
about (‘C|ual (o 1000 cu.ft. of the gas. The actual equivalent in 
Ht(‘aming or furmua^ work varuss with tlie furnace, and probably 
with th(* iH‘()pl(' using it. l^kpiivalcnt values of 14,000 to 25,000 
cu.ft. p(*r ton of coal an* r(‘por(('d, and hardly any two users will 
giv<* lh<* Sana* yield. 

In all <*asc‘H wh<*r<* this gas is used the chi(‘f claim made, in 
addition to tliosc* of gasc's gcuu^rally, has beam clieapneas, and 
it has b(H*n sold without any r(*gard to its actual value. A com- 
parison of its valu(* with that of other gas(*s is given by McMillan 
in the* H(‘port of th<^ Oliio (ieological Hurvey, vol vi, p, 544, 
as folkiws: 


HKK) ft. natural gas will (*vaporat(^ 803 II). of water. 

1000 ft, (*oa! gas will (*vaporat(* 501 lb. of water. 

l(KK) ft. w^atcT gas will (*va|)orait‘. .262 lb. of water. 

1000 ft, produce*!* gas will {‘vuporatt* 115 lb. of water. 


The* Unitt'd Btates Ibir<*au of Mines (‘oll(*(4(>d samples of 
natural gas as HUpplic*d to 25 in the* Unitc*d States and sul)- 
jecdcHi th(*m to c*hc*mi(‘al amilysis and (‘alorimetric determinations. 
The rt*sults arc* publislu*d in T(*chiucal ra|K*r 100 froiti which the 
following table is t‘ondi*nBed: 
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(I'VLORIFiO POWKR OF FI KLH 


ANALYSIS AND CALORIFIC VALFK OF XATl’EAL CAS 


Location. (HIi Cjll^ 


'’Foxarkana, Ark % 0 0 0 

NohlciHvillo, IiKl. . ..... «6 fl 62) 

Ijeavonworth, Karw. . . 01 1 4 S 

LouiHvlllc, Ky 77 « 20 4 

ManHfiold, lai 07 I 00 

Joplin, Mo 02 6 4 i 

Alma, N. Y OB « il I 

Buffalo, N. Y.. 70 0 1^2 

Cinrinnati, Ohio. . . . . . 70 H 10 

CUmdaud, Ohio. . . , 00$ IH 2 

Marietta, Ohio.. . . , 712 2^ o 

Bprin^ilold, Ohio . , «0 I 14 7 

CholHoa, Okla. 7^ 4 ' 17 7 

Nowata, Okla. OS i o 0 

PawhuHka, Okla. .... HS 1 8 « 

Oil (dty, Pa, 07 0 111’ 

Corsicana, 'Pexan ..... 08 0 | 0 0 j 

Dalian, 'Foxan SO o | I o o 

Ft. Worth, PexaH., . . Sl l | lo o < 


j B *r. t‘. |>rr i 'yhir 
iit 700 loui, 

(M>i NS PreMHiirt^ 

ciravtty. 

O'* < ‘ j 00- |‘, 

OH 12 1 102/ ' oo; p ^g'"™ 

OH 0 2 j 1040 i *m4 p ^2 

OH 14! lOftf* ; ‘100 0 

0 0 IH j tHi i) u 

0 4 I 2 i IflfiO HiOO t| 10 

OH 2 S HOtl» HH)0 f) <10 

0 0 0 1 M12 1241 ! 0 7j 

0 0 4 0 1114 Hl7i ! n M 

0 0 0 / 1211 114/ 0 1,^ 

0 0 1 1 J 1101* iiM tl <1$ 

0 0 t 2 I ii%h t\m 0 1,0 

0 0 so ! 1120 I IfH.ii , 

0 I H H I 1112 1 HI/1 il 1,7 

1 » ^ ^ I lOH i OHO 0 sa 

t 0 I SI j HI/0 HHi 0 lit 

0 l ’ t 1 H02 1212 0 7)' 

0 2 . t 1 I 1044 OH/ 0 S7 

0 1 IH 4 i 742 202 0 77 

0 0 , m O /to I HOI 0 78 


PittsburKh iiudiral kuh wjis !»ii.nlyz<‘.l fm n [mtu.iI „f nliiiowt. 
ono year. Tlic gas rcmniiKsi rl•Iuarkal•lv rnimfaut in 
although taken from itmii.v ilifTcri'iit wcHm. 

The maxiinuin, tuiniinimi ami avi-nw caiurific enlii«-.s of Jlui 
several analyses, together witli the etirrespitmiing nnniMtsition, are 
as follows: 

COMPOSmON AND ( At.OKIHC VAt-ft: o| |>M nni lnj|| N A 1 1 UM. tUH 

t' ■ BsCoohiiileHl Si|fv,,y, I'rrOoiriil Prtfwo Ho 

H "1 !'■ piO t uMr I 

ill 2ftf| tjjta ,, 

i 

: Cflliil)', 

0" I ’ j HO" I I 

J2tH HS2 II 

CHI i I I I *1 ! If 84 

1 20S 1 1 411 ‘ tl HI 



Ih(.5 variiition in ||iii eiiriHRiHtfiiifi mu! nitiirifir jiiitt'rr iif iiiitiinil 

p) fronidiffenait oil fields in exeiniilitieil l.y if,,. „„ 

from Bulletin No. 8K of the Bureau of Mines, whiefi {»res,*iits 
a^alysM of natural gam<8 from „i| f, f ,.v,.,v mirfion 
of the United States. 
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ANALYSES OF NATUIUL GAS FROM VARIOUS LOCALITIES 










Heating: 

DhUk 

1 

OllfifUl.M. 

Stain. 

(U)3 

<h 

Ns 

CIK 

CsHe 

i 

Value, 
B.T.U. per 
Cu.Ft. 

1909 

Santa Marla 

t!u!. 

15 . $ 

0.2 : 

I .4 

62.7 

20.2 

1044 

1910 j 

'Pormy 

< 'al. 

6.8 

0 0 

3.4 

54.2 

35.6 

1240 

1910 i 

( ’nalinKa 

( 'al. 

111 

0.0 

0.9 

88.0 

0.0 

937 

1909 

McKittrlok 

( 'al. 

K ) . 4 

0 0 

2.4 

66.2 

1 .0 

724 

1909 

W. l«oH AnK«4(*H 

Cal. 

1 .0 

0.1 

5.2 

91 .0 

2.7 

1019 

1909 

Simm't 

Cal. 

10.5 

0.0 

1.8 

87.7 

0.0 

934 

1 909 

FnUi‘rt(»n 

( 'al. 

1.7 

0.0 

2 . 1 

86.7 

9.5 

I too 

1909 

K<n’ri Uivt*r 

( ‘al. 

6 5 

0 () 

1.2 

84.3 

8.0 

1047 

191 1 

c ‘laiion 

I'a. 

0.0 

0.0 

1.1 

96.4 

2.5 

1073 ' 

191 1 

Fon^Ht 

Pa. 

0 0 

0.0 

1 .0 

70.8 

28.2 

1279 ‘ 

1911 

( 'larltm 

l‘a. 

0.0 

0,0 : 

1.7 

80.5 

17.8 

1189 

1911 

liutlnr 

Pa. 

0.0 

0.0 1 

0.9 

53.3 

45.8 

1420 

1911 

ArniHtrarift 

Pa. 

0.05 

0 , 0 

1.45 

81.6 

16.9 

1 184 

1912 

IlngHluHitrT 

Okla. 

1 .1 

0.0 

4.6 

94.3 

0.0 

1004 

1912 

(’rtM'k 

Okla. 

2,4 

0.0 

1 .8 

64.1 

31 .7 

1273 

1912 

Uarnni 

Ky. 

2 5 

0 0 ! 

1.3 

23.6 

69.7 

1548 * 

1912 

liarrnn 

Ky. 

2.6 

0,0 

5.1 

44 . 1 

48.2 

1367 

1910 

(Iraitfl 

Utah 

J .6 

0.0 

5.6 

90.8 

0.0 

967 

1910 

tlraiul 

Ftah 

^.5 

0.0 

6.5 

90.0 

0.0 

969 

191 1 

( 'rawfurd 

I*a. 

0 0 

0.0 

2.3 

6.6 

91 . 1 

1765 

1910 

'rillamnnk 

On-K. 

0.1 

0,0 

97.9 

2.0 

0.0 

21 

1910 

t ’hurchiU 

Nt^v. 

1 J 

0.0 

3.1 

95.6 

0.0 

1018 

1914 

( ’iiyahtjfta 

Ohio 

0 0 

0,0 

i 1.3 

80.5 

1 18.2 

1196 

1914 i 

I'*runklln 

Ohio 

0 0 

0,0 

1.5 

80.4 

18 . 1 

1193 

1914 

Matiiiltnu 

! Ohio 

0 0 

0.0 

0.7 

79.8 

[ 19.5 

1213 

1914 

Frln 

N. Y. 

0 0 

0 0 

4,9 

79.9 

I 15.2 

1134 

1914 

J llHlK'f 

Mo. 

0 6 

0.0 

2.5 

92.6 

4.3 

1066 

1914 

JtdTi'fHon 

Ky. 

0 0 

0 0 

1.8 

77.8 

20.4 

1205 

1914 

I lalliiH 

'Pt^x. 

0 1 

1 0.0 

38.4 

50.6 

10.9 

742 

1914 

N<»wata 

Okla. 

1 i 

0 0 

2.2 

96.5 

0.0 

1038 


OIL GAS 

'riuTo aro Rcvoral proc('8H('s for producinp; gas from oil, usually 
Ix\troltnuu or its (ItTivativos. Sonai of thorn docomposo the oil 
hy itusans of Iwiat alono, while others use stoain, or stoaiii and air 
tog(dh(T. The most auccu'asful pure oil process is the Pintsch; 
this is used ('Xtonsivoly in tlie large cities of Kurojx) and America 
to ol)tain gas for illuniinaiing cars on railways. The gas is made 
by allowing the* oil to fall drop by drop on a strongly heated 
surface, tlomphdt? dcauanposition otxnirs, and a gas of high candle- 
power is foruied. This is coll(*ct(id, and aftcir compression sup- 
plied to the (ronsumera. It loses some 20 jmt cent of the illumina- 
ting iK)W(«r during compression. As a sources of heat, its use is, 
so far, very limit(*d. 

The Archfir gfw process is somewhat similar to the Pintsch, 

but the products of tlecomposition are generated at a compara- 

(Cmttnued on page IBS ) 
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CAXORIFIC POWER OF FUELS 


tively low temperature, and then superheated subsequently so 
as to make the gas permanent. This gas is used for metallurgical 
purposes, but its use for heating boilers is limited. 

The other gases made with steam or steam and air have been 
advertised or pushed as fuel gases for several years. Many 
plants have been established and failed. A few of the most 
prominent are mentioned in the tables. 

COKE OVEN GAS 

The following table shows the calorific value of gas obtained 
from an Otto by-product coke oven. It is reproduced from a 
pamphlet published by the United-Otto Coke & Gas Co. of 
New York. The analyses of the coals from which the gases given 
in the table were made are not known. 


ANALYSES OF ILLUMINATING GAS FROM UNITED-OTTO BY-PRODUCT 
OVENS, RETORT COAL GAS AND CARBURETTED WATER GAS 



Coke Oven 
Gas. 

Retort Coal 
Gas. 

Carburet ted 
Water Gas. 

Hydrocarbons 

5.8 

3.83 

11.32 

Methane 

40.8 

35.90 

20 48 

Hydrogen 

37.6 

48.49 

29.35 

33.19 

0.17 

Carbon monoxide 

5.6 

6.61 

Carbon dioxide 

3.7 

0.12 

Oxygen 

0.4 

% 0.00 

0.32 

5.17 

719 

Nitrogen 

6.1 

5.05 

B.T.U. per cubic foot 

730 

669 



OTHER GASES 

Gas has been obtained from the destructive distillation of wood, 
rosin, fats and other materials. They have been used principally 
for iUumination and seldom if ever for heat. They are now made 
only in exceptional cases. 

Blast Furnace Gas. The waste gases from blast furnaces 
have come extensively into use fo^: the generation of power by 
means of gas engines. They consist of a mixture of carbon 
dioxide, nitrogen and carbon monoxide, the latter being the 
combustible portion of the gas. The exact composition varies 
with the working of the furnace, a typical analysis by volume 
being 
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CO 2 
CO. 
0 . . 
N. . 


7.08 

27.80 

0.10 

65.02 


The calorific value of blast furnace gas is from 85 to 100 B.T.U. 
per cubic foot. 



CHAPTIOH IX 


THE COMBUSTION OF COAL 
THE AIR REQCIUED FOIt (’OMBUSTION OK (’OAL 

The airumiii of nir n^iuin^d for \hv coinhtisti(»n of roal <1 c‘|xmuIh 
on the aiialyHiH of tlu‘ coal, rmnicly m tho ain<»unt tif <*urhon, 
hydrogen, oxygcai and auliduir. T1h‘ altauic wtaghtM <»l (ho st‘vca'nl 
constituentB and ilu‘ |m»portiotis in which tlioy coinhiiu^ with 
the oxygcni of iht‘ air also have a bt*aring tni tlu* proUlenn dims, 
the atomic weight of carbon is !2, and that oxygen is Kb Maeli 
atom of carbon bunual to carben dioxitle (»^mlbint^s with two 
atoms of oxygem in tlu‘ process, llie wmgbt c»f nxygeai then 
required for thc‘ comphlt* comlmsthm of 1 lb. of (‘arlnm would 
be in the ratio of 12 : (2Xlb) (W 2.b(> 11>. If the carbon is burned 
to carbon monoxide^ instead of to carinjii <lio\id(\ the one* atom 
of carbon would combine* with <mt* of oxygen am! tlie weight 
oxygen requiiert- would be* ns 12 : Ib <»r I. .'Id Ib. 

Similarly, the hydrogtm will unite with tin* oxygen in the* 
proportbn of erne* atom e^f hydn^gtm tt» tw«» atunis td oxygen, 
forming xvaitax The* atomic weight of hytlrogim is J nml therefore 
the weight of oxygem r(*C|uired fe»r fla* etaiibusfiim of one poiifid 
of hydrogen will be* as (2X 1) : Hh or H !b. i»f oxygmn As regiirds 
the sulphur, whieli hums te» sulphunais neid^Ht I,*, its atomic weight 
is 32 and two atoms of tixygen are rtspnoai for eii«‘b iitoiii of 
sulphur. The amount of oxygen required fti l?urii I lie of sul- 
pliur will be as 32 : (2X13) or I lb. ui eixygen. 

In praertice*, eaanphde coinbustiofi is sildom aflaiiied with 
solid fueyis, part of tlit‘ carbem Isliig btirned to curl ion inoiioxtile 
instead of to carbon dumidex Mirthermore an exeeMs of air over 
the theorcdicml requiremtmfs is Tbrn vwvfnn ninges in 

the neighborhood of 20 |M*r (’ent. The enliiiliifioii of flu* air 
required to !)uni I(K) lb, nf coal will In* ns fnllnw^s: AHi^iiiue the 
analysis of the coal to Im m (\ 8 II, 5 <h 1 H, I K. 11ie oxygen 
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required for the combustion of the combustible constituents may 
then be tabulated, assuming that 5 per cent of the carbon is 
burned to carbon monoxide and that the remainder burns to 
carbon dioxide. 


Carbon to CO 2 0.95X85X2.66 = 214.80 lb. oxygen 

Carbon to CO 0.05X85X1.33= 5.65 

Hydrogen to HoO 8X8 = 64.00 “ 

Sulphur to SO 2 1X1 == 1.00 “ '' 


Total 285.45 


Of this total of 285.45 Ib. oxygen, 5 11). was supplied from the 
oxygen of the fuel. The remainder, 280.45 lb. must be supplied 
from the air. Air is a mechanical mixture of oxygen and nitrogen 
in the proportion, by weight, of 23.15 and 76.85 respectively. 
It also contains an insignificant quantity of carbon dioxide, which 
for the present purpose may l)e negU'cted. The amount of air 
that will be required theoretically to burn 100 lb. of the above 
coal then will be 


280.45-^0.2315= 1211 lb. 

Air at a tcunpcu’aturc^ of 62 dc^g. Fahr. and a pre^ssure of 29.921 in. 
of nuu’cuiry wcughs 0.07608 lb. per cubic foot. Therefore the 
volume of air reciuinul will be 

121 1 0.07008 = 1 5,9 1 7 eu.ft. 

Ah an (^xcjess of 20 pc^ (^ent will be iukkIchI, the total amount of 
air re(piir(Hl will b(^ 


15,917X1.20=18,236 eu.ft. 

Tlie calculation may he sottuavhat simplified by using the 
proportion of air to oxygem by w(4ght, 4.320. That is, for every 
pound of oxygtm lUH^kul tluux^ will Ixi nxiuinxl 4.320 lb. of air. 
Hence to BU|)ply 280.45 lb. of oxygen, tlu^rc^ must be supplied 


280.45X4.32 = 1211.6 lb. of air. 
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The amount of air ulili/x‘<l for coinhusl.ion pc-r pouiul of carbon 
may be determined from the analysis of tlu' flue gases as follows: 

The analysis of the flue gius will show the n'speclive iKwecmt- 
ages of carbon dioxide, oxygem, carbon monoxide ami nitrogen. 
Bearing in mind that the atomic weight of carbon is 12 and of 
oxygen 16, or Vu W('ight of tlu' ('()•.>, ami or Vt of 

the CO will be carbon. If the p(‘r(;enlag(^ by weight of fh(^ H(wa'ral 
constituents of the dry fhu^ gas b(‘ rc|)r('.s(mt<Hl by their eluanical 
symbols, then the weight of dry gjis pt'r pound of carbon will be 

CO 2 +CO-I-O+N 1(K) 

yuTXh+WX) =</nC02-l -' /(’O' 

If B is the percentage of carbon in th(‘ ('oal, then tlu^ dry gas iwr 
pound of coal will be 

1 ( K )/1 

■VuCt )2 4-VrC()’ 


The relatives densities of the sc'vc'ral gases ani 


Carbon dioxide, (X >2 11 

Oxygen, 0 K 

Carbon monoxi<l<', (X) 7 

Nitrog(!n, N 7 


If the pc^rcentagf' by volume <»f the several consfifucnf.s id ihe 
dry flue gas are known tlai (luantity of dry gas (wr poiiml of carbon 
maybe found by multiplying each of the terms in the first bu'inula 
above by the relative density of the eoustituent which it repre- 
sents. Thus 


Dry gas p<»r lb. of C 


IICO. ( H(M 7('() ( 7N 
nxX uCOa f 7X‘' ,( ■() 


flCOirlKO |7lCO \ N) 
;t((X»2-f t'O) 


and the dry gas per pound of coal will la* 


B 


IlCOa-f-HO-t TfCO f N) 
'“iKC'Oa+Ct)) 


The carbon in the gam« is ol)faitu*d from the fuel. The 
nitrogen is obtained from the air with the exee|»tittn of a rtda- 
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tively small amount from the fuel. The oxygen comes from both 
the air and the fuel. Since the air consists of 76.85 per cent by 
weight of nitrogen or 3.32 4.32, the quantity of dry air required 
per pound of carbon can be determined from the gas analysis as 
follows: Let N be the percentage by weight of nitrogen in the 
flue gas and n the percentage of this quantity due to the nitrogen 
in the coal. Then 

■n • lu 1 7(N~n) ,4.32 

Dry air per lb. carbon 5^. 

The quantity of nitrogen represented by n is insignficant 
In the example cited in the first part of this ehaptc^r, the 280.45 lb. 
of oxygen theoretically necessary were supplied from the air. The 
quantity of nitrogen in the flue gas supplied from the air then 
would be 

280.45X3.32 = 931.09 lb. 

As an excess of 20 per cent of air was supplied th(^ t,otal nitrogen 
from the air in the flue gas would be 931.09+186.22=1117.31 lb. 
The nitrog(m supplicxl from the coal itself is but 1 11)., and there- 
fore the value of 'ti in the example cil.ed is 

100 {1-^(1! 17.31 + 1 ) } - 0.089 [xu* cent. 

Air Supply Required for Different Grades of Coal. William 
Kent*** gives the following formula for determining the amount 
of air r(xiuirc‘d to burn diffcnxuit kinds of coal wliose ultimate 
analysis is known, l)a.s(‘<l on an (^xcc^ss of air of 50 per cent above 
the theor(fl/i(‘al amount, ixxiuircid for complete (toml)UBtion. 

IJ). air per lb. (X)al — l.r)X[11.52G+34.56(H~V80)], 

C, H and 0 benng r(\sp(x*.tively the carl)on, hydrogen and oxygen 
in 1 lb. of (ioal, or t.h(' p(U’centag(' divided by 100. Dividing the 
result l)y coml)UHtil)ki or by tlu* carbon in 1 lb. of coal gives the 
pounds of air rt‘quir(Hl per pound combustible or per pound carbon. 

Cakaflations of tlu^ air supply for tlu^ sevc^ral varieties of coal 
wlioae analyses are given in the following table, give the results 
there sliown. 


Steam Boiler Economy, p. 36. 
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ULTIMATE ANALYSIS OK COAL DUIEl) AT 105" C. 


Kind of Coal. 

Anthni- 

(Ut(5. 

Heml- 

anthra- 

eitt^ 

Stuni- 

bitumln- 

OUH. 

Hituniiti 
OUH, Pa. 

nitutuiii 

OUH, 

Oilio, 

Lignite, 

Texas. 

('rude 

Oil, 

'Pc'xaH. 

Carbon 

76 . 66 

76 . 32 

86.47 

77 10 

75 82 

64 . 84 

84.8 

11 .6 

1 i 

Hydrogen 

2.63 

3.63 

4.54 

4 57 

5 06 

4 ,47 

Oxygen 

2.27 

2.25 

2.68 

6 67 

JO 47 

16 , 52 

Nitrogen 

0 . 62 

I .41 

1 .08 

1 58 

1 50 

1 10 

o.'a 

Sulphur 

0.78 

2.03 

0 57 

0 00 

0 82 

1 44 

1.7 

Ash 

16.64 

12.36 

4 . 66 

0. 18 

6 1 i 

n .43 



POUNIXS OP AIR HEOIIIREI) POU COMIlUSTtON 


Per lb. dry eoal . 
Per lb. eombuHt” 

14.50 

15,27 

17.12 1 

15 26 i 

1 5 04 

12.45 

ible 

17.30 

17.42 

17.06 

16 81 

16 05 1 

14 06 

Per lb. carbon . . 

16.66 

19.50 

10.40 

10 65 

10 84 

10 21 


Having tlin proximaU' aiial.vHis only, a cIoho npproxinmlioii to 
the number of poundH of air reipiired per pound of conihustible, 
in order to havi! tlui air 8up[)ly 50 per cent in excels, in as I'oIluWi : 


rtnuulH, 

Ant,hra(‘ii(' and H(‘ini-nntlira(‘il(‘ , 17,4 

Semi-hituininouH. ISJ) 

BitiuninouH, Ponimylvania . 17, o 

BitvuninouH; Ohio. „ ifiji 

Li|i;nite, Texas , , 14.0 

Crude oil, Texas . , 20. 



CHAPTl^R X 


CALORIFIC POWER OF COAL BURNED UNDER A STEAM BOILER 

A lioiLEH i,rial or l)oil(u‘ test is a measure on a large scale of 
the h(‘at obl-aiiUMl by burning the fiu^l used under the conditions 
of pra(dh‘.(^ Insk^ad of ilu^ calorific value of the coal or other 
fiK'l being found in IhT.U. or caloru's, it is given as the evaporation 
of a certain nuiuixu- of pounds of water from and at 212 deg. Fahr. 
Tliis may Ixi as f.h(^ (^va,poration pea* pound of coal “ as fired,” 
iiuit is wiiii the moistuix^ a.nd ash not takcui into account. It also 
may b(^ giv(m as (iu^ (wai)oration per pound of dry coal, and per 
pound of combustible. 

"riu^ obj(x*iuS of boil(U‘ 1, rials ar(^* (1) To ascxvrtain the quantity 
of waier (.hat» will b(^ (waj)ora.t(Hl by a givcm cpiantity of fuel, so 
that it may 1 h'. compared with other fiuis. 

(2) To d(‘i.('.rmin(‘ tiu^ (waporative power of the boiler under 
the (‘xisting (conditions. 

(2) To (compaj’cc difficnuit methods of burning the fuel, such 
as difhu’cmt typevs of grates or stokers. 

Th(‘ t wo hit.t(‘r obj('ct.s are th(‘ principal ones for which boiler 
trials a,r(‘ imidt\ An (waporation t(\st. is ii (‘umbrous method of 
dc'hamining th(‘ rdal-ivt^ (‘alorific pow(‘r of dinenad. fiuls, as there 
ar(^ too many conditions that (cannot Ik' l>rought under absolute 
cont rol, and tlu' information can ludhT b(^ obiaituHl in the labora- 
tory with th<‘ caloriuHdc'r. Th(‘ calorinudrit^ tests, however, will 
not t(‘ll what th(‘ (‘tiicicncy of th(‘ fu(‘l will be wlum l)urned under 
thc‘ condit ions of pra(dl(H‘. Tlu^ arrangemumt of the boiku’ plant, 
the method of firing, th(‘ air supply, tlu^ rat(^ of driving and a 
mimlxT of otluu’ fa(;t(n’s all hav(^ an infliKuicx^ on the amount of 
h(*at that th(‘ f)oil(u* will absorb from (‘acdi pound of coal burned, 
and thc^ magnitudes of thc'se several influences can be ascertained 
only by nuMins of tlu^ boiler t.(\st. The boiler test will not only 
give information as to the (wuiporative power of the fuel under 
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the existing conditions, but will also show tlu^ (lisIribuOon of 
the losses of heat, as in the flue gases, asli, vU. 

A boiler test is made by weighing tht‘ (‘oal uscmI by the; boiler 
during a certain length of tinus pr(‘ferably not l(\ss t han (‘ight hours, 
and measuring or weighing the amount, of waten- hnl Uy it during 
the same period. Observations a,r(^ ma(l(‘ at frtMiiumi intin’vals of 
temperatures of the feed water, st.('ain, flu(‘ gasc's, and almosplunx^, 
and of the pressure of the steam a.nd t.h(‘ fore(‘ of the* draft.. Erom 
these data the performance of the hoikn* can Ix^ (‘altnilatiHl. "rfu^ 
test should be carried on according t.o tlu^ boilm* test, codc^ of t.lu^ 
American Society of Mechanical KngiiKxa's, whi(‘h is a.bstra.(‘t(xl 
elsewhere in this work, (k)mpl(de directions art* tlua-t* giv(‘ti as 
to the steps necessary and tlu* pnxxiut ions t.o bt* obs(‘rvt‘d and tlu^ 
reader is referred t.o it. for furtlu^r infonnalitm on this sul>jt*(*i. 

Coal Analyses. Tlie eom{>osition of tin* coal uscxl (aui be 
expressed either by a. proximate or an ultimatt* analysis. Idie 
proximate analysis determiiu^s tlu* ptnax^ntagt* of moist ur(% ash, 
volatile matter and fixed (*,arbon in t lu* coal. 'Flu* nil iinat t* analysis 
resolves the coal into th(^ p(‘r(‘(‘ntag(‘s of carbon, hydn^gtaj, oxyg<*n, 
nitrogen, and sulphur contained in it, irnssptx'tivc* of tin* mamu*r 
in which they are combined with (‘a(‘h oth(*r. For all practical 
purposes the proxirnaU* analysis furni.^luss tin* ru^etwary informa- 
tion in regard to th(^ calorific vahu* of tin* eonl. d'h<‘ nu*t hod of 
making it will be Ivriefly d(‘scrib(*d. for methods of making 
ultimate analyst's tlu^ r(a.(l(*r is rt*f(‘rr(Hl to works <m c‘hcanistry. 

In making a proximate analysis, a small t|uatitity, say o!h* or 
two grams, which is a r<‘pr(‘.s(‘ntativ{* sampk* of tin* entire lot of 
coal is weighed into a pt*rf(*etly dry cTtnnlik*. 'Flu* utoisture is 
then driven off by laaiting tlu* coal tn a temperature* of from 240 
to 280 deg. B'ahr. Early (‘Xp(*rim(‘nU*rH h(*ld that tu lieat it abewe* 
212 deg. Fahr, drove ofT a part of the* vcflntile mutter, Imt it has 
been shown by Kent and ('arpenter* that lliere is m lorn c»f volatile* 
matter at temperatur(*H h(‘low :tr>0 de*g. Fahr, with bituminouH 
and semi-bituminous coals, and at temiM*rat tires of less than 7(K) 
degrees Fahr. with ant hra, cite*. 'Flu* moist urt* having been driven 
off, the crucible is close'cl aiul heated to a red !a*Ht until there* arc! 
no more fumes or gaB(*H given off. 'Flu* wt*iglit of fu<‘I r<*maining 
in the crucible is then nobal. The* fixed eiirlion is di*termin<a! by 
Steam Boiler Economy, p. 5H2. 
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lieatinpi; the retsidue in the (inicihlc, the cover being removed, 
until nothing r(', mains but the ash. In order to consume all the 
tixi)d carbon it may be necessary to introduce a gentle stream 
of oxygon into the crucible whiles the heat is being applied. The 
weight of the n^sidiu^ is again iioUhI and recorded as ash. The dif- 
feixmce between tlu^ weight of tlie r(',sidue after the volatile matter 
has been driven off, and the weight of the ash is the weight of the 
fixed (iarl)on. Tlu^ diffenxmee between the weight of the dry coal 
and tliat of the ix^sidue after driviiif^ off the volatile matter is the 
wevight of the volatile matter. Th(^ diffenmee between the weight 
of thc^. original sa.mple and of liu^ dry coal is the weight of the 
moistures Idiese, various weights are then expressed as percent- 
ages of the weight of the original sam])l(^. The completion of 
eac^h of th<^ scwcTal opcM-ations of determining moisture, volatile 
inat.Un* and tixcxl carbon (^an l)e asccn'taiiuxl by weighing the 
sampk^. s('.v(u*al tinuvs in su(*.c(^ssion, applying the heat between 
(xudi wenghing. Wlum the weight becomes constant, the opera- 
tion ca,n b(^ regard(xl as finished. 

In determining tiu^ moisture in the coal it is recommended that 
a larger sampler b(^ us(xl, wengiung from 5 to 50 lbs. The use of a 
sample of one or two gra.ms is apt to givc^ incorrect results in 
H'gard t.o moisture', for t.lu^ ix'ason that in cx'rtain (Xials the mois- 
tures is h(‘ld in tlu^ (Xial by (xipillary att.ra(;tion, and when the coal 
is pulv(‘ri;5('d prior to its introduction to the (axKtible some of this 
moistures will (‘vaporat(^ into flu^ atmosphc'n^ Ixvfore the coal can 
lie weigfuHl. By using th<' larger sampk', th(^ c.oal can lie dried 
in the condition in which it. is n'ceivc'd, a.nd this loss due to air 
drying avoid(HL Th(^ rehmtion of moistures by (tajiillary attrac*- 
tion is also t.lu^ rcxison for hcuiting the (uial t.o 250 d(^g. Fahr. or 
more', as moist un' so n'tairu'd will not be driven otT at a tempera- 
ture much Ih'Iow this. 

IIKATINCJ VAI/TIK OJ’ ('ONKTI'niKNTB OK (!OAL 

Commenting on tlu^ Is'ating value of the various constituents 
of the coal William Kent*** writes: 

(]oal is compos('d of four difh'rent things, whic^h may lie B<^pa- 
rated by proximate analysis, viis., fixed (?arl)on, volatile hydro- 


* Steam lioiler Economy, p. 54. 
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carbon, ash, and irioisturc. hi making a proximabi analysis of 
a weighed quantity, such as a gram of coal, t/he moisture is first 
driven off by heating it to 250 or 2S() d(^g. F'ahr., t-hcui tlu^ volatile 
matter is driven oiT by heating it in a c.Iosc'd (n'ueiblc^ t,o a red heat, 
then the carbon is bunuui out of tlu^ remaining (^ok(^ to a whit(‘ 
heat, with sufficient air supply, until nothing is l(‘ft but, asli. 

The fixed carbon has a constant luxating vaiiu^ of about 1*1, (iO ) 
B.T.U. per pound. Tlui valiu' of th(^ volatih^ hydro(’a,rl)on dcqKuuls 
on its composition, and that d(‘p(‘nds (diicdly on th(‘ district in 
which the coal is mined. It may Ix': as high as 21,000 B.T.U, 
per pound, or about the Iieating valu(' of luarsh-gas, in tlu^ hc^st 
semi-bituminous coals, which (‘ontaiu V(‘ry small p(‘re(mfag(‘H of 
oxygen, eras low as 10,000 B.T.U. jK'r pound, as in t hos(‘ from some* 
of the Western States, whi(h ar(‘ high in oxygen. Tin* ash has 
no heating valu(^, and tlu^ moisture* has in (*(T(‘ct 1(*sh than none*, 
for its evaporation and the* sup(‘rh(‘a.ting of the* st(‘nm made from 
it to the temperatun^ of the (*hinm(\v-gas(‘s absorb sonu* of tlu* 
heat gemerated by the combustion of tlu* fixed (xirbon and volatile 
matter. 

The analysis of a coal may be* r(‘port(‘d in ( hnx* didVrtmt forms, 
as percentages of the moist (xial, of (lx* dry <’oal, or of llu^ com- 
bustible. Thus, KSUi)pos(^ on(‘ gram of coal is nnalyz(xl, and the 
first heating shows a. loss of wcaght of 0. 1 gram, the* staamd of 
0.3 gram, the third 0.5 gram, tlx* nanaindtx*, or ash, vvtdghing 
0.1 gram, the complete report would In* as follows: 



IVr e 'flit of thf 
MciiHt < *<»al. 

Cff e uf thf 

Or.v e'diU. 

ei«r t ‘flit of 
e 'oiiihu.'XXilf, 

M()iHtur« . , , 

10 



Volatile Matt(ir 

10 

H ei 

1/ 50 

Fixtnl carlxiri 

50 


eti 50 

Anh 

10 

ft it 



too 

nm 00 

leio.iHi 


The relation of the volatile rnattcu* and tlx* fixed eiirlxm ip tlx* 
last column of the table (mahl(*H us to jiulgc* tlx* c*IaHH to which the 
coal belongs, as anthracite, Hemi-anthracitt*. w*mi-t»ituminciUH, hitu- 
rninouB, or lignite. Uoals containing less than 10 per <*ent volatile* 
matter in iho combustible* would In* clasHe*d as aiitltraeafe*, be*t,weH*ii 
10 and 16 per cent as st*mHmthracitc*, beiwe*en 15 and 30 |M*r eamt 
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as semi-bituminous, between 30 and 50 per cent as bituminous, 
and over 50 per cent as lignitic coals or lignites. 

The figures in the second column, representing the percentages 
in the dry coal, are useful in comparing different lots of coal of 
one class, and they are better for this purpose than the figures in 
the first column, for the moisture is a variable constituent, depend- 
ing to a larg(^ extent on tlu^ weather to wliich the coal has been 
subj(H;t(Hl since it wa,s mituHl, on the amount of moisture in the 
at.mosphere at tlu' tinu^ when it is analyzed, and on the extent to 
which it may have accidentally been dried during the process of 
sampling. 

Tlie heating valium of a (K)al depends on its pcu’centage of total 
c.ombustible mathir, and on the heating value per pound of that 
(‘.ombustible. The latter diffv-rs in diffcM-ent distiicts and bears a 
relation to the percentage of volatile matter. It is highest in the 
semu-bituminous coals, being nearly constant at about 15,750 
B.T.U. per pound. It is between 14,800 and 15,500 B.T.U. in 
anthracite, and rangers from 15,500 down to 13,000 or less in the 
bituminous coals, dcHin^asing usually as we go westward, and as 
th(^ volat.ih^ matter cont.ains an increasing percentage of oxygen. 

In 1892 th(i author dc'dmuul from Mahlca-’s tests on European 
(^oals a table of thc^ a})pr()ximat(‘. luxating valium of coals of different 
coitiposition, which is givcm, somewhat modified, below. (Trans. 
Am. Soc. M. E., vol. xx, p. 337.) 


AeeUOXIMATK HI'JATINO VALXTK OF CX)ALB 


(’(‘lit 

Volatihi Matter 
ill (Uml 

Dry and 
from Atdi. 

ni'lATINO VAimW Plfllt 

La. (’oMauHTiai.K. 

P(*r ( ’(‘lit 
VoIatlU' Matter 
in ( 'oal 

Dry and l''r(^(i 
from AhIi. 

IIWATINd VAmn^ PER 

La, DoMaitHTIBLE. 

n.T.tf. 

(’alori('H. 

B.T.U. 

( ’alorit^B. 

0 

14,180 

8 1 00 

32 

15.480 

8600 

3 

14,940 

8300 

37 

15J20 

8400 

6 

15,210 

8450 

40 

14,760 

8200 

10 

1 5,480 

8600 

43 

14,220 

7900 

13 

15,660 

8700 

45 

13,860 

7700 

20 

15,840 

8800 

47 

13,320 

7400 

2S 

15,660 

8700 

49 

12,420 

6900 


The expca’inicnts of Lord and Haas on Amcuican coals (Trans. 
Am. Inst.. Mining Engineers, 1897) practic^ally confirm these figures 
for all coals in which the percjentage of volatile matter is less than 
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40 per cent of the conilnistible, but for coals (‘onfniiuiii*; l(^ss than 
60 per cent fixed carbon or more than 40 jmm* c(‘nt volalik^ mattca* 
in the combustible tliey are liabk^ l-o a.n c^rror in (‘idiiu* (lircadlon 
of about 4 per cent. It api)(‘ars from l.h(‘S(‘ (‘xp('rim<‘n(s (hat 
the coal of one seam in a given district, wiu^rc* ihv ratio of tlu^ 
volatile matter to the total combustibk' is unilorm, Inis lh<‘ Siinu' 
heating value per pound of combustibk', within oru' or two p(*r 
cent, but that coals of tlu^ sa.m(' proximato analysis, and contain- 
ing over 40 per cent volatile matlnr, but miiK'd in dinVn'nt. dis- 
tricts, may differ 6 or 8 {X'r c.('ni. in la'ating valut'. 

It will be noticed that tiie c.oals (‘ontaining from 18 to 28 pc'r 
cent of volatile matter in the (‘ouibustibk' have' praetii'ally thc^ 
same heating value. This is (‘.onfiruH'd by Lord and Haas’s ti'sts 
of Pocahontas coal. A study of tlu'sc' tissts and <4* Mahk'r’s 
indicates that the heating value of all tlu^ si'mi-bituminons ctKils, 
15 to 30 per cent volatile maXti'r, is within IJ |M’r ei'id of 1*5,750 
B.T.U. per pound. 

The heating value of any coal may also bt' (’alculatt'd from its 
ultimate analysis, with a probabk' <'rror mk (‘Xciualing 2 iK*r et'nt 
(except in the cas(^s of cantu'l coal and sonu' lignites, in whii’h the 
error may be greater) by the following formula : 

Heating value per lb. l4(K bb620^H — 

in which C, H, and 0 an' r(\sfH'(‘tiv(4y tlu' pcaxM'ntagt's of carfion, 
hydrogen, and oxyg^tm. This formula is known ns l>uIorig\s. Its 
approximate aciairacy is provi'd by both Midiler’s and Lca*d and 
Haases experimentH, and any ikndaticm o{ the enloriinetric fk'ter- 
minatiofi of any ordinary (‘oal mort' than 2 |H»r i*«*nf from that 
calculated by tlu’! formula is more likt'ly to proc'ced from an t'lror 
in either the calorimetric test or analysis fbiin from an vrrm 
in the formula. 



MnTiiaim of nmtNiNo eoAu 

To obtain the maximum ih('rmnl value* of I lie coal burned 
under a steam Imiler it Hhoukl \h* burneil to intrlion dioxide with 
as small an amount of (‘xcchh air as possible. If the quantity of 
air admitted is in exci'Si-; of the* reciuirements heiil will br* lost by 
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being carried out witli this air which will escape at the temperature 
of the flue gases. On the other hand, if tliere is deficiency in the 
air supplied, the carbon in the fuel will be burned to carbon mon- 
oxide generating 4450 B.T.U. per pound of carbon instead of 
14,600 B.T. U. per pound of carbon as would be the case in burning 
to carbon dioxide. In practice, an excess of air of about 20 per cent 
over the theoretical requirements must be supplied to give the 
best results. 

The ordinary boiler furnace with the grates placed directly 
under the boiler is satisfactory for the efficient burning of anthra- 
cite. It is, however, about as poor a contrivance as could be 
devised for the burning of bituminous and semi-bituminous coals. 
With anthracite in large sizes no great amount of skill is neces- 
sary to obtain good results and almost any kind of a furnace will 
be suitable. Hand firing is usually employed with anthracite 
and with the largca* sizes, say down to egg, it is only necessary to 
keep the fiud l)cd level and regulate the draft and clean the fire 
at intervals of from 6 to 10 hours in order to obtain perfect (com- 
bustion. With tlicc smaller sizes of anthracites there is a tendency 
to clioke the air passages through the coal on the grate and a thin 
fine, tlicirefortc, must bcc carried. This must be watched much 
more carcrfully to prewemt the formation of air holes througli 
which larg(^ quantifiers of (rxeerss air will pass, thus reducing the 
efficiency of boikrr and furnacHr. 

Bituminous and s(rini-l)it.uminous coals should be burned in 
hot fire l)ri(rk (‘.hamlxrrs so arranged that coml)ustion will be com- 
plete beforcr tlur gasers of (‘ombustion anr allowed to conur in con- 
tact with tlur (romparativedy cold surfa(‘(.vs of tlu' boiler. Upon the 
addition of soft (mal t-o th(‘ burl IkmI in thc^ furnacxr larger volumes 
of volatikr gasers are inmuuliaUrly distilkxi. Therse require for 
their (rombustion larger (luantitkrs of (rxcessively hot air. The 
addition of the fresh fiud, howtrvea*, has (rhokerd some of the air 
passages through the fir(‘, t.hus (rutting down the air supply at 
the time wlurn it should ber materially augmented. Unless the 
gases of combustion anr thoroughly mixed and brought in contact 
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conilmstion of soft, coal is itidicaitul by tlcos(‘ stnok(‘ from tne 
stack altlioiigh a ck^an slack is nol n(*ccssari!y an indication of 
efficient (‘oiulnistion. A ck*an stack may indic%ate a, large excess 
of air passing through I ht* tin*. 

Soft coal can 1 h‘ I)urnc‘d without snu^kc pnnading tluit tlie 
gases are distilled from tlu^ ctad at a uniform rale and that wlicai 
so distillcal they an' hrouglit into intimate contact witli vcuy hot 
air. Th{^ gascss as llu'y an* distilk*d unitorinly from tin* ec^d 
should then enter a. fin* brick (’hamb{‘r of either stifiickad. kaigth 
to allow tlie gasc's to btTonu* cntin*ly ccsnstun<*d naturally, or 
the chamber should be* provideti with such auxihary mixing and 
baffling dt'vices m will (*nus(' the gases to be ai1ilic*ially mixed 
before tlie exit of tlu* chnmbc'r is reached. 

With tlu^ ordinary m(*lliod of spn*ading tlie ctnil c»ver tlie fuel 
bed it is impossibk* to burn soft vnii\ etlieiently. The fresh eoa! 
chokes tlu^ air supply at the* V(‘ry instant if slaaikl bt* inc*reaHtHl. 
Two methods of liiuid tiring are in <‘omiiion iise lo overcome this 
difficulty, viz., tlu* c’oking and tlie nhernafe mi*! hod. In tlu* 
coking method the* fri’sh fuel is piled up on the front half of (he 
fuel lied in tlu* furnact*, while* tlu* n*ar iialf of the grate has a level 
bed of half~burnt‘el ctinl upon it. An excess of air passes through 
the thin r(*ar portion of the tin*, bcang Itighh- laxafed thendiy. This 
hot air eonu’H into eontaef with the gast*s distilled from flic pile 
fuel in tlu* front portion of tlu* furnace and raUHcs them to he 
consumed. Whc*n tlu* gas has Imsui pretty well distilled off from 
the pile at the front of tlie furnace the pile is piislusl bac’k and 
leveled over the r(*ar portion of the liri* and a fresh pile in built, 
at thc5 front. The diHadviinfagt*H of this system an* that if camitit, 
be advantagemiHly UHt*d with ihhiIh eontaming a hirgf* i|tiantity 
of fusible ash and also that it is imposMiliIe to iisiaalaiii the con- 
dition of the n*iir portion of the tire. This s\',stem also involves 
a greater amount of liihorand atteiitimi on the part t»f Itie ltrmiii*ii 
than does ordinary spread firing, and fla/y. tliercforr, otijecl 
to it. 

The altoriate met.ht.Ml of firing eonsisb^ of apn-atiitig fresh 
fuel over ontohalf of the griiit* eithiT af flu* right or the left wliili* 
the otluu’ side of tlie fire is iilloweii to burn ttitm 11ie giisi‘s 
distilled from the frc*slily fired tmal eoine in contiirt ml ft the excix^s 
of air passing throiigli the thin iMirtion of iht* fin* ami nre con- 
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Slimed. Wh(‘ii ilu' ncAvly fired coal has Inirned to coke, the 
o|)p()sit(^ side of the fir(i is eovered with fresh fuel and the process 
is repeated. Special furnaces containing Ijaffling and mixing 
devices fa,cilitate complete combustion. With this system of 
firing succi^ssful prevention of smoke depends somewhat on the 
skill of the firc'inen, but more especially on the size of the com- 
bustion (‘,haml)er and the provision of l)affles or mixing walls, 
and th(^ fariilities providc'd for burning the gases before they come 
in (^onta(tl. witli the heal ing surface of the lioiler. With the alter- 
nate systcan of firing, tlu‘ surface of the fire is available for inspec- 
tion at all iinu^s and iiir holes can lie detected immediately upon 
( hc‘ir formation. 

A (k'l, ailed ck^scripl/ion of furnaces and methods of firing adapted 
to all classes of fuel and c^very condition of service is given in 
(diupter VI I of Steam Boiler Ikionomy, by William Kent. 

OISTUIIUJTION OF THE HEAT OF CX)AL 

Wlu'n caial is bunu'd uruku* a. st.eam boiler, the heat generated 
is partially aiisorlxMl by t-lu' wai-ca* in tlu^ boika-, being (ainvaa-ted 
int.o sUaun, and tlu^ rernaimka- is lost up tlu^ stack a,nd in radiation. 
If the combustion is })(a*f(a‘t, all the luait energy in the fuel is 
ac.countial for in this maiuHa*. In praidii’C, howiwer, a portion 
of tlu^ fu(‘l falls tlu’ough tiu^ grates untnirned, and this represents 
anotiua* sources of loss. 

If II r(‘pr(‘S(aits th(‘ total luait units in a pound of coal, the 
distribut ion of it wluai bunual under the boika- may be rei)resented 
by the eciuation 

// rr,-:; ~ | ■ ( J -. j™ j\ -j™ -j- (7 f/. 

B bcang tlu^ luait- alisorbcul in (*onv(a-ting the water in the boiler 
into steam, (I t-hat- (‘scaiiing with tiu^ waste gascas up the stack, 
A tiiat- (‘ontained in tiu‘ unbunual (airbon in tlie ashes, R the radi- 
at-ion loss, C t-lu^ heai. in t-he <uirl)on deposited as soot, and U that 
lost in tlu‘ unbunual hydrocarbons. 

Heat in the Steam. Idu^ luait. in t he steam S (if it is not super- 
heat(‘d) is ihi\ sum of t.lu^ heat, A, rcaiuired to raise the water in the 
boika- from t-lu*. Uanpea-atun^ of the feed water to the temperature 
com^sponding to the pressure of the steam in the boiler and of 
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the latent heat of evaporation, //, at the tempen-ature due to the 
pressure. Then S=h+fL If t is the teirip(‘ratur(^ of the feed 
water and T that of the steam h — T-'t. Thus if we have steam 
at an absolute pressure of 120 lb. per sq.in. (105.3 lb. gap:(’! pres- 
sure) its temperature is 341.3 deg. Eahr. Its latent heat of 
evaporation per pound is 877.2 ILT.U. (See table of proixirties 
of saturated steam, p. 242.) 

If the feed water is at 60 deg. Fahr. /i = 34 1.3 “-60 = 28 1.3 
B.T.U. Then .8 = 281.3+877.2 = 1 158.5 B.T.U. If the lK)iler 
evaporates 10 lb. of water per pound of (X)nibustibl(^, boiler 
would absorb 11,585 B.T.U. • . 

Heat Lost in Waste Gases. Th(^ heat carried away by the 
waste gases is a compk^x quantity. It (tomprisevs: 

(1) The heat (tarried away by tlu^ dry llu(‘. gases. 

(2) TIk'. heat lost in the formation of sUuim from th(^ moisture' 
in the coal and from tlu^ burning of tlu^ hydrog(‘n in ('oal. To 
this should be added the lu^at nxiuinxl t,o supt'rlu'al. this steam 
to the temperature of t.h(^ (vseaping gasc's. 

(3) Th(i heat lost in raisirig tlu'- kanjK'ratun' of th(^ moisture 
in the air to the tc^mperature of the ('scraping ga,s('s. 

(4) The hc^at lost by the incomplete combustion of t he fiu'l, 
such as the l)urning of carbon to caiLon monoxidt^ insb'ad of to 
carbon dioxide and l)y the failure to consume all th(' hydro(!arl)()nH 
and hydrogen in the fuel. 

Heat Carried Away by Dry Flue Gases. If 7/ is Wn) tem- 
perature at which the wastes gasc's of (‘oml)UHtion c‘H(*aim from 
the boiler and ta is the tempc'ratun^ of thc^ atmosidu'rc', then all 
the air passing through the fin^ is raist'd Tf- k d('g, A portion 
of the air in its passage is transform(*d to carbon dioxide^, anotiuu* 
portion, if combustion is impc^rfi'ct, is transfornu'd to carbon 
monoxide, and the balance is untransformc'd and apfK*iirfl in tlic^ 
analysis of the flue gas as nitrogtiu and oxygc'n. Thc'sc^ various 
components of the waste gasc^s have be(*n (dc'vattHl througli 7^ — 4 
deg. and the amount of heat absorbed by c'ai'h is the prodmtt of 
this difference and the weight of each gas and of its siKHific heat 
at constant volume. 

Thus, if the analysis of the waste giises showed Cih, 11.2 |M'r 
cent, (30, 0.6 per cent, 0, 7.5 ix^r cent, N, 80.7 |kt cent and tlic'y 
escape at a temperature of 530 deg Fahr., the temixamture of the 
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atmosphere being 70 deg. Fahr., the heat carried away by one 
pound waste of gas will be as follows: 



Percentage. 

Specific Heat. 

Tf-ta 

C 02 

0.112 X 

0,217 X 

460 = 1 I .08 B.T.U. 

CO 

0.006 X 

0.248 X 

460 = 0.68 “ 

0 

0.075 X 

0.2375 X 

460 = 8.19 “ 

N 

0.807 X 

0.2438 X 

460 = 90.50 “ 

110.45 “ 


The tal)le below, compiled by the Uehling Instrument Co., 
shows the lu'.at carried away by dry chimney gases per pound of 
combustible. 


IIKAT CARRIED AWAY BY THE DRY OTTTMNEY GASES PER POUND OF 

COMBUSTijUJO 


Per ( Unit 
COa in 
GaHCH. 

PoundH Air 
|K‘,r Pound 
(JoinbiiHtible, 

'I'kMI'EUATUUE of CuiMNKV GaHKH, I)K<1. 

300® 

350® 

400® 

450® 

500® 

550® j 

600® 

650® 



lUnit Wasted, P 

er (Uuit of 'I'otal Heat 

in Coal. 

21 .0 

12 

5.2 

6.2 

7.3 

8.7 

9.5 

10.5 

11.6 

12.7 

16.8 

15 

6.0 

7.6 

9.1 

10.3 

1 1 .6 

13.0 

14.3 

15.6 

14.0 

18 

7.2 

9. 1 

10.7 

12.2 

13.9 

15.4 

17.0 

17.9 

12.0 

21 

8.7 

10.5 

12.3 

14.2 

16.0 

17.8 

19.5 

21 .0 

10.0 

24 

9.9 

12.0 

14.0 

16. 1 

18.2 

20.3 

22.4 

24.4 

9.3 

27 

11.1 

13.5 

15.7 

18.1 

20.4 

22.7 

25.0 

27.4 

8.4 

30 

12.4 

14.9 

17.4 

20.0 

22.6 

25.0 

27.8 

30.4 

7.6 

33 

13.5 

16.3 

19.2 

22.0 

24.7 

27.6 

30.5 

33.2 

7.0 

36 

14.7 

17.8 

20.8 

23.9 

27.0 

30.0 

33.0 

36.6 

6.5 

39 

15.9 

19.2 

22.5 

25.8 

29.2 

32.4 

35.7 

39.0 

6.0 

42 

17. 1 

20.6 

24.7 

1 

27.7 

31.3 

34.8 

39.4 

42.0 


Heat Carried by Moisture in the Coal. Tlu’i hcuit carri(Hl 
away in tlu^ form of moisture converkid into supc'rlu'akHl steam 
is made up of two quant.it.i(‘s. (e) The heat carricnl off in the 
moisture pr(‘S(‘nt in lh(‘ (*.oal as moistureq* (6) the lieat carried 
off in moisture fornuHl by (combustion of the hydrogen in the 
coal. 

The h(^at (‘arricul off by rtmisture of the coal is the heat, required 
to convert wakn* into sk^am and th(^ luuit rc^iuired to supcniieat it 
to thc^ t(‘m|;cn’atur(', of th(‘ ('scniping gast^s. The moistures will be 
raiscRl from th(‘ txanperatun* of tlu^ atmosi)h(^re to 212 dc^g. Fahr. 
and the B.T.IJ. r(H|uired for this purpose will be 212 — 4. It will 
then be converted into steam at 212 deg. Fahr. at atmospheric 
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pressure and the heat required will Ix' ih(' lai(‘n(. lu\al of evapora- 
tion at 212 deg. Fahr. and atinosplu‘ri(‘ pr(‘ssur(‘ or 970.4 
It will then be superh('a,t(xl to tlu^ tcaiqx'rfitun^ of i lu' fhu' ga.s(\s 
and the heat required will Ik's (7/—2I2)Xa, .s* Ixang the spcaafie 
heat of superheated stcxiiu. Tlu' lu'at lost diu' l.o one' pound of 
moisture in the coal, therefore, will b(^ (212--"/^) f 07().4 
Xs. If the coal eontaiiu'd S pea- (^(ait inoist-urc' and th(‘ fliu^ gas 
and atmospheric tempcu’ature w(‘r(‘ 5)^0 and 70 (l(‘g. tahr. r(^sp(H^- 
tively, then tlu^ luaxt lost p(a- pound of fiu'l buriual by ivimni of 
the moisture in the coal will b(‘ 

l(212-70)+97().4+(.');5()-212)X0..1();0().(« 2S.1 B.T.U. 

Heat Lost in the Formation of Steam. "rii(‘ lu^at lost. (lu(‘ to 
the hydrogen in the coal Ixang burnc^d to walta’ winch is (‘onveaied 
into steam and afterwards sup(M*h(‘a(.(‘d to tln^ (tanpca'aluiH' of (lu‘ 
Hue gases is the product of 9 tinavs th(‘ p(‘rc.(‘n(ag(‘ of hydrogem in 
the dry coal and of the sum of { (2I2*-'‘/,i) d- tlu^ latent lusat of 
evaporation + (7/"”2l2}X specitic lu'at of supt‘rh(‘at(Hl st(aun}. 
If our dry c-oal contains .4 per cent of moist ui’(' and tlu^ atmospluan*. 
and flue temperai.ures are as before', tlu* lu'at lost will 1 k' 

0.()3X9{(212--7())+97().4+(r)2()~-^ :m B.T.IJ, 

Heat Lost Due to Moisture in the Air. 'Vhv moist tin' (am- 
taiiK'd in the air is in tJu‘ form of vapor and in its translormation 
to this state it has ahx'ady absorlx'd tlu' 970.4 B.lMh latt'ut lavat, 
which tlun'fcm' do(‘s not hav(‘ to lu' supplital by tla^ fu(4. 44u' 

fuel is nxiuin'd to rais(' tlu' t,<'m[x‘ratur(‘ of tlu* vapor from that, 
of the atmos|)h(a’(^ t.o that, of tlu' fhu' gns(\s. 

The (juantity of moistun' in enbie f(‘(‘t. in tlu^ air is d(4(*rmined 
by nmansof w(4.- and dry-bulb th<'nnom(4t'rs and humidity 
The (|uantity of air UH<‘d {xn pound of coal dcqxnds npcm tlu‘ 
tightm'ss of the s(4.tiiig, tiu' thicknt'ss of tlu' fires and wwc'ral 
other factors wlii(4i an*. discnsstHl in ('ha]4(T X. Aasuining for 
the moment that 20 Ib. of air an^ rcxpiiu'd {mu’ pound of dry fuc*l 
and that the air (contains 0.02 Ib. of water fM'r pound dry air 
(GO per (xnt ndative humidity) pound of dry fti(4 will Ix' 
rcxiuinxl to ('vaporah^ 20 times 0.02 lb. of water intn stenm at. 
atmospheric pressures and sujx'rlieatt'd to 530 tlc*g. lAilir. The 
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h(^at required will l)e, flue g*as and atniosplieric temperatures being 
taken as 530 and 70 deg. Fahr., respectively 

0.4{ (530-^70) X0.463} =85.2 B.T.U. 

Loss Due to Formation of Carbon Monoxide. The heat lost 
due to tlu^ iiicoinpk^te combustion of carbon to carbon monoxide 
instead of to (‘.arbon dioxide is the differeiuie in heat of combustion 
or 10,150 latent B.T.U. multiplied by the percientage of carbon 
monoxides in tlie fliu^ gases. If the coal contains 89 per cent of 
combustible and, as l.)efore, 3 per cent of hydrogen, and the ash 
and rc^fuse amount to 12 pen* cent which incliuk^s 8 per cent, as 
shown by the analysis of tlui coal, then each pound of fuel burned 
will contain 0.77 lb. of carbon. Of this, 0.05 per cent will be 
burned to CO and the heat lost will be 

0.05X0.77X10,150 = 390.7 B.T.U. 

Heat Lost as Soot. Tho. soot in smoke consists of carbon 
witli a trac(' of hydrogxm. If it is considcnxMl as entirely carbon 
th(‘ (UTor will b(^ inappix^nabh^. Knowing tlu^ volume of flue gas 
prodiKxul by the burning of oiui pound of fuel and the amount of 
carbon (‘.ont.aincHl in tluMU, as shown bdow, the lu^at lost can be 
deUuxnined by multiplying thc^ volunu^ of gas in cubic feet l)y the 
amount of carl)on contaiiuHl and tlu^ ])rodu(^t by the calorific 
vahui of puix‘ (‘.arbon or 14,500 B.T.U. Uiuka’ the most favor- 
able^ conditions for smoker production, the loss du(‘ to unconsumed 
(‘arbon doc's not (^X(;(hh 1 on(‘ p(a* (xmt and is usually less tluin half 
tliat amount. 

Several methods have been ck^viscal for iipproximating the 
quantity of (carbon (‘(mt.aimal in smok(‘. ()n(‘ of these is baaed on 
th(^ amount of soot. (k‘|)osi(.t‘d upon a giv(‘n surfa(‘e, say one square 
foot, plactnl in th(‘ chinuu'y. Th(‘ soot (kq)osits on the upper sur- 
face away from th(‘ direct curr(‘nt, and aftxa* an exposure of a few 
hours is ixauovc^d and w(‘ighed. Another method is to use smoked 
glasHc^s of dillenmt (k‘gr(‘(\s of density and as(‘(‘rtain what dc'pth 
of color is n(‘e(\ssary to mak(‘ ih(‘ sin()k(‘ invisil)le. A third method 
and th(^ ()tu‘ in gencuiil use is by iiKuins of th(^ Ring(‘lmann smoke 
chart. 

The Eingelmann chart consists of four cards, ruled as shown 



188 


CALORIFIC POWER OP FUELS 








SMOKE CHARTS 

in Fig. 36, together with a card printed in solid black and another 
left entirely white. These are hung in a horizontal row about 
60 ft. from the observer and as nearly as convenient in a line with 
the chimney. Under these circumstances the cards appear to 


Fkl 39, 


Fi(3. 40. 


The HoIktIs Smoko (3uirtH. 


be diffc^n^nt shadcns of gray, ranging from very light gray to almost 
bla(‘k. Tlu‘ obs(aw(a' can (easily determine which of tlu^ cards 
corresponds most luuirly in color to tlui smoke coming from the 
stack. Th(^ (‘olor and time are recorded. The ruling on the (‘ard 
is given in the table on page 191. 
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Fkj. 43. Frti. I I. 

Appeiiriince of Uio Rolx'rtK Sniokt* Churl when SpitiiiiiiK' 

color of the sixioke. The duirt may 1 h' Bptui while* Huppc)rtc*cl im 
a bradawl or other coiivenu^iiit Hpindle. llu* H(*vi‘ral chartu nhow 
the color of Brnoke (jorn^Hponding to chaiBiticB of 20, 40, 00, SO 
and 100 per cent. 

In 1895 Cohen and RuHHell made Home* experiiiumtH to deier- 


The Roberts smoke chart, inventenl in 1912 by the then smoko 
inspector of the City of (Cleveland, hh P. RolnniB, is shown in 
Figs. 37 to 40. The charts consist of disks of (*ardl)oard having 
radial white lines on a Idack background. Wlum the* disk is 
revolved a series of tints appear corresponding to the dcmsily or 


Fig. 41. 
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KULING OF RINGELMANN SMOKE CHARTS 


Card No. 

0 

Thickness of Lime, Width of Sj 

Pure Wliite 

1 

1 mm. 

9 nmi. 

2 

2.3 

7.7 

3 

3.7 

6.3 

4 

5 

5.5 

4.5 

Solid Black 


urine the extent of pollution of the air by smoke from house fires 
burning coal. Th(^ coal used was from Yorkshire, Durham, and 
Wigan. The quantity of soot formed was determined by aspirat- 
ing through a brass tul)e V2 in. diameter connected with a glass 
tube of tlu^ same dianud-er and having a plug of cotton wool in 
one (uul. This plug was dricul over sulphuric acid and the weight 
of tlie soot obtaiiuuL The, r(^sults are given in the following table: 



Volume 


Per (Unit 

Per (Unit 


No. 

of 

Wei^-ht 
of Soot. 

of Soot, 


Ohimne.V'" 

of Soot 

to 

Name of Coal. 


ILfaSOH. 

in (Ulsoh. 

(Uirl)on 

Buriu‘(l. 



Liters. 

Graitis. 




I 

218.0 

0.0155 

0.0073 

6.9 



2 

282.5 

0.0267 

0.0094 

10.2 



3 

4 

249,5 

231.0 

0.0174 

0.0228 

0.0070 

0 . 0099 

8.0 

5.8 


• " Silkstone Hard.s," Yorkshire 

5 

164.5 

0.0292 

0.0177 

9.3 



6 

182.5 

0.0219 

0.0120 

6.0 



7 

175.0 

0.0247 

0.0141 

7.7 

1 

1 " llaigh Moor Best," York.shire 

8 

278.5 

0.0278 

0.0100 

5.1 


9 

240.0 

0.0243 

O.OIOl 

5.6 

" narv(\v Seam," Durliam 

10 

230.5 

0.0227 

0.0098 

4.8 

“ Hutton Seam " 

1 1 

262.0 

0.0282 

0.0108 

7. 1 

" B<^Ht Deep Yard," Lan(‘aHhire 

12 

230.0 

0.0232 

O.OIOl 

5.1 

" He.Ht Arley " “ 


2744.0 

0.2844 

0.0103 

6.5 



It would seem that more reliabk^ data could have been ol)- 
taimul had tlu^ carbon bcum (*oll(ad.(‘d on an asbestos plug and then 
burtKHl, the carbon dioxides Ixdng collected. As originally per- 
fornuxl the n^sult of tJie t(\st cannot be (^alknl carbon, as it mani- 
fcrstly (‘.ontaiiual considerabk^ ash(\s, et(r, whicdi had been carried 
up the chimney. By burning otT the soot in a combustion tube 
the actual cxmtcuit in (^arl)()n <‘Ould hav(i hem ot)tained. 


LOBS DUE TO UNBURNED COMBUSTIBLE GASES 

Flue gas contains in addition to carbon monoxide, small quan- 
titic^B of otluT combustible gases, notably methane. Assume a 
filler gas analysis of 
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Carbon dioxide, CO 2 

11.2 pea- cent 

Carbon monoxide, CO 

0.0 

Methane, (TI 4 

...... 1.0 

Oxygen, 0 

7.5 

Nitrogen, N 

79.7 


100. 0 


We have already ealculat(Hl th(' loss diu' to tnd)unuMl (‘arbon 
monoxide. If, as before, 20 11). of air us('d |Ha’ |M)urid of (‘.oin- 
bustible, and the fuel contains 89 p(‘r e(‘nt of eonibuH(ibl(% each 
pound of fuel will gcuierate 20.89 lb. of Ilu(‘ gas. Of this 0.208!) lb. 
will 1)0 methaiK', whose calorific value is 24,017 ILT.U. per pound. 
The heat lost duc^ t-o the unl)urn(‘d (dl.t tluui will Ih^ 

0.2089X24,017 (>97. 15 ILT.U. 

Distribution of the Heat. Assuming that oiir (‘onl had a 
calorific value of 1450 B.T.U. per })ound of combust ibl(\ th(‘ heat 
generated by its combustion with 20 lb. of air pound of com- 
bustil)le would Ih^ distributed a(‘eording to tlu‘ foregoing calcu- 
lations : 


Float absorbed l)y tlu^ boiku- 1 1,585 H.T.U. 

FI(‘at carried away by dry flu(‘ gas. 1 HI.*! 

Heat lost due to moisture' in coal.. ............ 58,4 

Heat lost due to hydroge'U in (*oal. ............ 554 . 

Heat lost due' to tnoistun' in air. .............. 85.2 

Heat lost due to formation of . 5!H1.7 

Heat lost in uneonsunK'd ('ILi 097.2 

Float lost in unconsunu'd earbon in ash 

0.04X14, 500 580.0 

15,850.4 

Radiation and unaccounted for . . 080. t 


14,500 



CHAPTER XI 


ANALYSIS AND MEASUREMENT OF THE PRODUCTS 
OF COMBUSTION 

Tite value and accuracy of the computations described in the 
foregoinj 2 ; pages dc^pend upon the acciu*a(*.y of the gas analysis, 
which in turn depcuids on the sample of gas analyzed. This 
sliould truly n^prc'scml, the total amount of gas sampled. Samples 
taken from the g(‘n(u*al current by nu'ans of an ordinary aspirator 
or an oil aspirator (p. 197) will usually do if drawn at a sufficient 
distance from the fire. If the gasc^s havc^, pass(‘d through a long 
flue, (vspc‘cially ono witli s(‘V(n*al iKmds, tlu^y arci sufficiently mixed, 
and may ho consid(U‘ed as a homogcnneous gas. We must remem- 
ber, how('.v(n’, that, as wo riuKHle from the fin^, tlu^ itifiltration of 
air, if not pr(W(nit.(Hl, bcHXHnos great, er. In carcvful experiments, 
the nu't.hod to l)(^ dc^scaibed of fractionating a large volume is 
pref(*rabl(‘. 


CJAS SAMPLER 

In princapk^, a gas sampka* consists of a falling- water aspirator, 
and a S(RH)nd nu'rcuiry aspirat-or drawing a small fra(d.ion of the 
gases from t.he (‘urnmt of t.he first in a (*onstant regular manner 
and kcH'ping it in a nuu’c-ury gas-hokkn*, A (Fig. 45), which is 
a strong glass flask of 3 liters ca,pa(‘ity, holding about 88 lb. of 
mercniry. TIu^ gas-holder is (^onn(‘ct(*d by th(^ tulK^ a with the tube 
0 for sampling the gas, tlu^ flask A and its accx^ssories acting as a 
Mariotte flask. It is (‘.1os(h1 at tlu^ top by a stopper hollowed out 
conically below and having holes for two tiilxvs, a and 6. This 
hollowing is to permit filling without any air-bubbles. The tubes 
a and 5 have glass stopcocks, but tlu^ one in a may be omitted. 
The manometric tube c shows tiu' pre^ssure. Tube d, like c, 
passes through a rubber stopper, closing tlu^ horizontal tubulature 
of the gas-hold(‘r. Tliis tube can be rotated in the stopper to the 
position shown, or to one 180 deg. from such position. The 
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flask is graduat.od on tlio sid(' into niilliinofl'rs. fl’nla* (t iils 
the hole of the stopper tiglitly, and enii l>e moved up or down as 
desired to suit the (luantity of ^as in tin- llask. All joints are 
covered with paraflin, tuhc^ a la'ins fireaw'd to raeililal<' mov('- 
ment. 

Fip;. 4() shows the gas sainpling lube. It consists of a plat inum 
cylinder, rs, 10 nun. (0.4 in.) diameter and 700 mm. (27.r> in.) 



Pro. 45.— (laH Hmu|)k*r. 


Ftci. 40. ■SitiiipiiT 4‘tiln*. 


long, having a longitiulinnl nlot of hovitoI naitiinoUa’H Itiigfli, "riit* 
end r is cloHed with a, phdinuin (aip; tlie ond s is .soldiaial a 
copper tube, .v//, passing into a Liebig condtaima laiving two tuIieH, 
()o\ for the wat(‘r. In most, cnH(*H lh(» platiinnu IuIh* niny 
r(‘plae(ul without troubk^ by oiu* of (‘op|Ma\ or (‘ven iron, the |)latb 
ninu being n(a‘(‘Hsary only wluai tin* gnH<‘s arc* drawn at a teui{M*ra- 
ture higli enough to (*aus(‘ oxidation of the othf*r luefnk WitJi 
iron or copp(‘ra portion of tiu* ox>g(»it is reinoveil iit tlw^ pasHfige 
through the tub(j. 



MEASUREMENT OF THE PIIODUCTS OF COMBUSTION 195 


The tube ry is open at y, and has a side tube h. Aspira- 
tion is carried on through the opening in the platinum tube. A 
movable rod, ik, carrying a platinum scraper is attached to one 
end of the tube, and moves in the slot to clean it, as occasion 
re(iuires, from soot, etc. The disk y serves to hold the cement 
used in fastening it to the stack or chimney, and prevents ingress 



of exi.(a'nal air. Tlu^ rod m)i pa.ss(\s through a (‘aouttdiouc bearing 
fasUnu^d IndwtHm t lu* disks p and q. 

Fig. 45 r(‘pr(‘S(mts a front vi(av of t.h(^ a-pparatus. Fig. 47 
repn^scads a sid(^ vi(*w in (‘kwation. The tulx^ ry is introduced 
through an opening mad(^ for tlio purposes in the masonry, the part 
TH h(4ng (‘xp()S(‘d inside. Th(‘ (nd y is (X)nn(‘cted with a lead pipe, 
a, l)y a rul)b(‘r tub(*; this pijx^ is sokk'HKl to anotlun one, yz. 
On o|xning th(‘ co(‘k ?/, th(‘ wa.((‘r flows from a r(\s(‘rvoir and empties 
at z. Suction in i/r.s should amount to s(weral millitxieters of mer- 
cury, and is n^gulated l)y the cocks y and x controlling the water- 
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flow, and also by the length of yz. Tho gas drawii in hy yvx rtiay 
be measured by collecting it at and should arnounl. to 25 to 20 
cu. in. per minute. 

The gas-holder is supporhHl by a pi(H‘(' of slun^t iron witli 
upturned edges forming a sludf. Aiiy nu'rc^ury spatt('n‘d over or 
spilled is thus easily (‘olIcHded. The nu'rcury tank is suj)ported 
from the wall of the chimney in such position as to faeilitak^ 
refilling the flask through a siphon. 'Flu^ LuIk‘s dd' s(a’V(‘ t,o kvil 
the (K)ndens(n’. 

While th(^ current is passing through yr a small (juantity is 
drawn out by the tube A, and this should Ik^ so n‘gulat(‘d by the 
(^o(‘.k d> that only from y 2 n() to is coII('ct(*d. 

Whenever th(^ k’ivel of tlu^ mercury Io\V(*rs, it shows a chugging 
in the slot, and it should be clcuiual hy mtw'ing the rod. 'I’his 
always indicates when chaining is n(‘<‘t‘ssary, and it siumdimes 
kca^ps clean for hours. 

When a sufiichmt samph^ has bt^en obtaiiUMl tlu* (uIh* d is 
turned up and then tlu^ gas-holder can lx* (‘urrital away. 

The nudhod recommeiuhal by i}n‘ Amca’ican Soci(‘ty of Mechan- 
ical Engineers is to havc^ a “ box or bloc’k of galvanized slieet iron 
equal in thickness to one cours(‘ of hric'k/’ and secure in it a 
scries of j-in. gas-pipes, all alik(‘ at (In' <*nd8 ami of lapial lengths, 
in such manner that the opmi (auls may 1 h' evenly di.stnbut<st 
over the area of the flue. H(H‘ Hoiler T(*Ht (kxle, p. 222. 

An arrangement recomm<mdc<l by (’(»!, David Ik Jom*H in Ins 
paper In^fore the Anunacan Hium^ty of Naval Engineers, vol. x, 
p. 125, is shown in Fig. 48. I'ht* Hampha- is a large, wide-neekial 
glass bottle elostnl with a cork having two glass tulx^H, one jiint 
enkaing the bottl(‘, the otla^r rcaiehing nearly to tta^ boffoni. One 
(^f these tubers is (‘onncu'ted with an iron hauling to the Hue 
and extending well into it, Tlu* othta* tube is eonneettal with any 
kind of an aspirator whieli works steadily, A watm-jet exhaiisf, 
an engine-driven exhaust, or any similar appanifus will ilo. If 
not eonvimient to uh(‘ an exhaust, tin* bottle iniiy hi* filled with 
mercury and by making a siphon with the nikt»er tube iilliu*liefl 
to tlie long glass tubc% the botth* can be grailmilly einpfied of 
mercury and the* gasc^s to tx* sumphal drawn in. If nierniry can- 
not be liad, waka* will do, but. the* result will not lx* m reliabh* 
since the water may dissolve some of the eoiisliliitmls of llit? gas. 
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The size of the bottle may be adapted to the quantity of gas 
aspirated, and by means of proper stop- or pinch-cocks adjusted 
to work slowly or fast. 

Used in conjunction with the arrangement of sampling tubes 
recommended l)y the American Society of Mechanical Engineers, 
this apparatus forms a simple and satisfactory sampler. One 
great advantage in favor of this arrangement is the fact that it 




is easily ma(l(% all tlu^ portions of it being found in nearly every 
shop. 

Tht^ oil gaH^ioldtr (t^ig. 49) consists of a bottler tubulated at 
the bottom and eonruuded with the supply of gas at the upper 
opening. It may contain some GOO cu. in., and is filled with water 
having on it a layer of 4 in. of oil. The water running out from 
tlie tubulature at the bottom draws the gas in at the top. The 
stoppe^r at thci top lias two openings, through one of which passes 
a funn(d-tub(^, through which watcT may be poured to expel t^^ 
gas when portions of it are needed. Thc^ gas then passes out 
the same tubc^ through which it was drawn into the bottle. 
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With all kinds of aspirators or gaS“hold(‘rs(\sp(‘(*ial (‘an^ must Ih^ 
taken to prevent eutranec^ of air iiiio (h(‘ flu(‘ g:as 'af(<a’ Icaiving tlu‘ 
fire, since tlie correct a,nalysis will show not only thi^ (juaiitity of 
unburncd gases, but also thc^ (‘X(*(‘ss of air, and any mixture of 
outside air will vitiate the nssult and causes faulty diHluctions as 
to the working of th('. fire. 

To prevent this, all joints in th(^ masonry must bc^ examincal 
and repaired if necessary, hi <‘asi‘ of damp(*rs, whicli must l)c^ 
used, the bearings can be mad(‘ in stufling-boxt's. ( icaua’ally, 
the gas can be sa,mpl(Hl Ix'fon' it- arrivi's at a damp(‘r, as tla^ course 
of the boiler-flue is usually sutlicamt to caus(‘ a. tlionmgh mixing 
of the gases. In case tlun-e an' s(‘V(*raI danipta-s, (Iu‘ first one' may 
hi\ dispensed with for th(' tim<' luang. 

When the gas('s an' takiai <iuit(' n(*ar the lire, thc*y must* l)e 
drawn very slowly in ordt'r to grailually cool them down and 
avoid dissociation. In this case' a stoiu'ware lulu* may Ih' ustal 
for suction. If this pn'caution is nt'glts’tcai tht' gases coIleettHi 
may be entiniy difTc'rc'nt from thost' passing off at tht* ehiimu'y. 
Metal tubes are inadinissibh', sine(‘ th(*y abstruet oxygen, and 
hence cause a changes in composition. 

ANALYSIS OP Tim OAHKS 

The collected gasc's <‘ontain nitrogtm, oxygc*n, carbon dioxidt*, 
carbon monoxid(‘, hydro(‘arbons, and ocaxisitmally fret* hycirogiai. 
To determine all tlu'sc' a ('udionu'lrie nu'thod must !>e us«‘d; but 
usually only the oxygt'ii, carbon dioxide, aial txtrbon mt»nt»xich' 
are required. In normal combustion with snflhaent air the (|Uiin« 
tity of hydrocarbons is trifling, and n('(‘d not be {*<insidere«L This 
occurs usually wi ill a supfily of air of 21t) eu.ff, per pound a! 
coal, and should producer a waste' gas eontnining Itl to M iH*r cent 
of carbon dioxide, in wliieh ease iht^ unburiH*il fiyitroemhonH 
amount to less than I iK'r exmt . 

Flue gases an^ analyzenl by finst meuHuring a saiitjile, usually 
lOOc.c., of filtered gas at atmospheric* ttanj-N'ralure ninl |ircH,Ntire, in 
an accurately graduated glass v<*asc*l, eallc'd a lainq le. 11us is kei>t 
at a uniform t(‘m|K‘ra:tun‘ l>y inelositig if in amqticr glnsH vchhcI 
filled with water. Thc^ gas is them passed into a glass bulb ur 
cylinder containing a cliemical which idisorim oin* of the con- 
stitucait gases, rc'turning it to the huredte*, and iiienHuriiig it again, 
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the difference being the volume of gas removed by the absorbent. 
This operation is repeated with different chemicals until all the 
constituent gases have been removed, except nitrogen, for which 
no absor))cnt has been found. 

The absorbent usually employed for carbon dioxide is a con- 
centrated solution of caustic potash. For oxygen a solution is 
made of 5 grams of pyrogallic acid in 15 c.c. of water added to a 
solution of 120 grams of caustic potash in 80 c.c. of water. In the 
II(ntip(d apparatus slender slicks of phosphorus covered with water 
are sometimes used instead of the pyrogallic solution. For car- 
bon monoxide Urn solution is made by dissolving 10.3 grams of 
coppeu’ oxides in 100 c.c. of concentrated hydrochloric acid. To 
insure grc'.atc'r accuracy the gas should be passed successively 
tlirough two l)ulbs containing this solution. The order of analysis 
followed is always first C() 2 , then 0, then CO. 

The Orsat Apparatus is a portable instrument contained 
in a wood(m case with removalde slid- 
ing doors front and back, as shown 
in its simi)lest form in Fig. 50. It 
consists ess(^nl.ially of a measuring tube 
or burette, thr(H‘. absorbing bottles or 
pip(d4-es, and a levcding bottle, together 
with the connectiing tubes and appa- 
nitus. Th(^ l)()ttle and measuring tube 
(U)ntain pure watc^r; tlu^ first pipette, 
sodium or [)otasHium hydnttc dissolved 
in thrcH^ times its weight of water; the 
s(H‘.ond, pyrogallic nvid dissolved in 
sodium hydrates in the proportion of 
5 grams of the acid to 100 c.c. of 
th(^ liydrati^; and the third, (‘uprous "chloride. The manipula- 
tion of the insl.rument is as follows: 

After completely drawing out the air contained in the supply 
pipe, a sample of the gas is dniwn into the nKuisuring tube by 
0|Kmi!ig the necH^ssary conne(d.ions and allowing the water to 
empty itself from tlu^ tube and flow into the bottle. The quantity 
of gas drawn in is adjustcnl to 100 c.c. By opening one by one 
the comuHdions to the pifK^ttes, and raising and lowering the 
water bottle, tho sample is alternately admitted to and with- 
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drawn from the pipettes, and the ingredients one hy oiu^ a,I)- 
sorbed. 

The first pipetfe absorbs (H) 2 ; the s{'(‘on(l, O; and th(^ third, 
CO. The quantity absorlx'd in each ea,s<‘ is (h‘t(‘nninc‘d by ndurn- 
ing the sample to the measuring bun't tt' and rt'ading tlu* v(duine. 
The percentage of COoisread din^ctly, luang the first absorption. 
Those of the other two ingreduails ar(‘ th(‘ r(‘sp(‘e(iv{‘ dineren(‘(\s 
between the n'adings taken aftca- suc(*(‘ssiv(' absorptions. 

Various modifications of this apparatus ha,V(' btum d(‘veIop(Hl 
which enable analyses to be made with gn^atia* rapidity than wiili 
the form illustrated. 

The Hempel Apparatus works on tht‘ sanu‘ principle us the 



Orsat, except that th(^ absorption may bf» hastened by shaking 
the pipette bodily, bringing the rlHanif’a! intti most iiititiiiite 
contact with the gas, It is \vm portnlde ami in scniie {«irf icailnrs 
it requires more careful manipulation titan (he Orsat. 

The aliBorptkm are made in sets wtticdi itri* sIiii|sh! 

in the form of glob(*H, and a nuinlwa* imiiqMaulenf sets are 
required for tl»% ti‘(*atment of the dilTereiit' eons! itueiif gnmm, 
A sample pipedte of the Ilemixd tyjs* is shown in Idg. 5L 

The Nassau CO*i Machine* Fig, fri slmws a (’(K niiitdiine 
designed hy F. F. Ifehliiig, Tlu» jacket K surrounds the bundle 
A and contains a solution of aciclulatetl iimthyl oriinge. It 
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conimunicates with A at the bottom. By blowing into the top 
of E through tlie mouthpiece TF, and tul)e Oj the liquid will be 
forcxul into the l)ur(^tt(^ A. When this is full, the three-way cock 
H is (‘losed to A, to piv.vmt tlu^ liquid returning to E. ' By means 
of pump gas will l)e drawn from the boiler or flue into the tube 
/>, tlirough the inlc^t L Wlum the gas reacjlies D, H is opened so 
as t.o comuH‘t th(^ sources of tlu'. gas with the absorption chamber 
B through a capillary ‘tub(^. C. B is the short leg of a U-tube and 
is filknl with a- c.a.usti(i solution and fine iron wire to provide ample 
surface for quit‘.k absor|)tion. When B is connected with the 
sources of gas through II, tlu^ absorlxmt will rise in C to a certain 
level, de])(aiding upon ih(^ t(msion of tlu^ gas in D. The movable 
indc^.x X is then shifted t^o coimudo with tliis level. Cock H is 
them tunuHl so as to (‘onnect I) with A, and by means of the 
mouthpi(H;e W, the gas is drawn from D into A until the level 
of (h(^ lupiid in A coincides with the zero line of the scale. The 
buretix^ then contains 100 volumes of the gas. Now l)y turning 
the (H)ck // so n-s i^o connect A with B, opening tlu^ pinchcock K 
and blowing through IF, the gas will be fonxul into B, whcu’c in 
less than thirty se(U)nds the ( -O 2 iti the gas will be entirely 
absorlxHl The remaining ga,s is then drawn back into A until 
the kwel of tlu^ soluUon in B again reachevs the indc^x X, The 
pinchco(‘k K is them closcxl and the level of the liquid in A will 
indicates the p(‘r cent, of (X )2 absorbed. 

CO 2 Recorders, Macdiiru's whi(‘h will continuously record 
the pcu’cxmtage of dh in (luc^ gases have come into \ise in the past 
few years and havc^ provcxl of grcxit valuer in |)romoting efficiency 
in t.hc^ operation of sttxim boiUws. Thc‘y are known as carbon 
dioxidci recorders. 

The UehUng Recorder is shown diagrammati(‘ally in Figs. 
53 and 54. Hefc^rring to Fig. 53, the gas t.o Ix^ analyzed is 
drawn through two aiwrtures, A and B, by a coiistant suction 
prodiKHxl by an aspirator. If tiie aperturc^s ar(i kept at the same 
tcnn|xn*atur(^, suct ion or partial vacnuim in the chamber between 

th(^ two apert-urc^H will renuiin <x)nstant so long as the gas passes 
through both ape^rtures; if, howtwer, part of tlie gas l)e taken 
away or aI)Borl)ed in the space betwam the two apertures, the 
vacuum will iiu;r(msci in proportion to tlu^ amount of gas absorbed. 
It is evident tluit if a manometer or light vacuum gage be con- 
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nccted with this chambor, aiuount of ^as ahsorlxal will bo 
indicated by the vacuuni muliiif*;. 

Fig. 54 represents the more iinporlani. parts of tlu' (‘onipk'te 
instnunent, which consists primarily of a, filttn-, absorptioti cluini" 
ber, two apertun^s {A and Ji) and a small st(‘ani aspirator, (las 
is drawn from the furnace' by nuums of tlu' aspirator through a 
preliminary filter at the boiler. It is thc'n drawn through otluT 
filters on tlie instrument, which insure' that- the* gas tlowing through 
the apparatus is clciin. The cFan gas passc's through ape'rture^ A, 





Fkj. 53.- Friuciplcof the Itchling Pyr«imer<*r and C’er.. 


thenex‘. thre)ugh the^ absor|)tion clinmbcT and nperfun* H, fo thi' 
aspirate)!'. 

A dilute solution of ewistic soda flows info tla^ idtsorfdion 
chambe'r l)y gnivity fremi a tank* through a r«‘gulah*d sight -ftxal. 
The (X)2 is eaimpledely aJmerlu'd by fhe cnusti<* sidufion ns (lit* gas 
flows through the* ahsorption chamlK*rnnd while it is beiw«»en ii}H*r- 
tures A. anei H (in re*eH‘nt meHlifh'athum of the* inslrunient the hoIu- 
tion is replac‘(Hl l)y a sedid aI).soriM*nt ). lliis naltiees Itit* vidiiimi 
anel emise's a (‘hange in t-he* partial viuaumi of the gns lx*!. ween the 
twe) a|)ertur(U Tliis vacuum vanes in e*xaet ata’on lance with 
the pere*entage* of CX)^ contaiiaal in the* gas, and is iiahefited by a 
water eiohmm at the* instrunH'nt, wliicli is ciilibriited so ns to indi- 
cate directly p<*rce*ntage*H of (XJ^. Thin partial vat'Uiim or iM*r- 
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oentagc of CO 2 is also (‘,ornmunicatcd to an indicative gage in 
front of the boikn’ and to a recording gage whicli may be located 
at a (;()nsid(n*ahl(^ dist.ancc^ from the machine. 

The “ Sarco ” Recorder, shown in Fig. 55 is an automatic, 
instrument winch makc's and records al)out 30 CO 2 analyses per 
hour. It rcHiuires no attention other tlian the clianging of the 
recording cliart every twenty-four liours and tlie renewal of 



Fkj. 54. Diagraui of the Uehliag C(X* RecKmler. 

the potash solution at intcnwals of al)out three weeks. Gas is 
aspiratcul l)y nunins of a fin(‘ st.rciam of water, at a la^ad of about 
2 ft., wliicdi (mhu’s tJu^ instrument at 8 through thc^ glass rumle 9. 

waku' Hows through tube 74 to the powen- vessed 82 where it 
compresses thti air above tlu^ waku* kw(d. This pressure is trans- 
mittcHl througli t.ube 78 to thci surfa(;e of tlie liquid in vessel 87 
and Hcmds it upwards through tuk^s 91 and 93 into vessels 68, 
67, 77 and 66, and into tubes 49, 51 and 52. The liquid rises until 
it reaches the zero mark 7 1 on the narrow neck of 67. At the same 
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Assuininp!; that i.ul)o 49 is connoctcd to a supply of flue gas, a 
sample’: will Ix^ drawn in from the continuous stream that passes 
through 43, 45 and 4(), u.s tlu^ liquid recedes in 49, by the partial 
vaeumm llnit is cremated by th(‘ falling of the liquid. As soon as 
th(^. liepiid has dropjK'd b(4ow point 79 the gas rushes into vessel 
{)7. When the' flow in th<‘ si})hon stops, vessel 82 again begins 
to fill and t.he iHiuids in fxibes 91 and 93 rise afresh. The gas in 
()7 and (>8 is fcyrc'ed into tube 50 and caused to pass through a solu- 
tion of causti(‘, poi-ash (spe(‘.ifi(‘, gravity 1.27) in vessel 94 which 
al)S()rbs a.ny dh ihai. may Ix^ present in the gas. The remaining 
portion ol’ the smnpk^ collects in 02 and passes through GO into 
t.utx^s 57 juid 58. It (*a,nnot pass out at 59, as this outlet is sealed 
by th(^ li(iuid in 52. 

Th(^ gas then passc's inuka- the two floats 18 and 26. The for- 
tru'r is la.rg('r a,nd lighi.(‘r atnl t.lun-efore will be raised first. The 
stroke' of this (loaf, is adjusted by the thumbscirews 14 and 15 
until just. 20 p(‘r (X't\t. of the whole sample remains to raise float 
20, wlu'n nothing is absorlx'd by the potash solution as would be 
th(^ (‘asc' if air passt'd t-hro\igh t.lu^ reconk'r. A pen 30 is causexl 
to trav(‘l down on ttu^ chart 40 when float 20 rises. If no CO 2 
w('re (x)nt ain(xl in t lu' gas, nothing would be absorlxkl by the potash 
solution and tlu^ pan would trav(4 the wholes depth of the chart to 
the yx'ro line' a4. the' be)t.te)m. Any (X )2 in the sample would be 
abse)rbeel by the' pe)t.aHh, a e‘e)rre\sponelingly k'ss quantity would 
reaedi the^ fle)at. 2() anel the', pen we>ulel ce)veu‘ a pre)pe)rtionately 
le'HH elistanex' e)n the' e'luirt.. The ae't.ual pe'rex'ntage e)f (X )2 would 
be shown by the^ line on whit'h the pe'n ste)ps. On the redurn 
stroke of the liepuei, the' gas is peishe'el e)ut from iinek'r fbats 18 
and 20, through tube's 57 anel 58 inte) t.ubevs 59 anel 02. Thence 
it passe'H inte) 6)0 as se)e)n as the' liepiiel has fallen bc'low the outlet 
of tube 52 and ('seapcis through tube 51. 

TKMeKUATlUlK OP TUR WASTE GABES 

As in analy^Jng coal, e'inelers, anel gase's we must have average 
sample's, se) in tre'ating of waste gase's we* nexxl avc'rage tempera- 
tures. Taking the^ t('m|K*rature <)e‘e'asie)nally with the thermom- 
eter has graven possihilitie's of (Tror. The temperature varies 
greatly from time to time, and even if the readings are taken 
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frequently their avc^rage may b(^ far from eorn‘ci avc^rai^c^ of thi^ 
gas temperature. The real avcM’age i(‘mp(‘rafur(‘ of Hie gas (air- 
rent can be obtained by m(‘ans of a lu^at rc'W'rvoir intro(Iu(*ed 
into the flu(\ 

An apparatus for this purpose^ was (kndscMl by Hcdunirer- 
Kestner, the type whicth has hn^n r<‘p(‘af(a!ly c<)pu*{l and modi- 
fied. It consists of an iron tub(% hh { t'ig. fif)), plaetal in th(‘ flue 
so that the upper end, eovenal wi(h an insulating matc*rial, is let 

into th(‘ wall to about <uh‘ 
half its thickiu'ss, Ha* 
inaimha* hanging fret* in tht* 
fiut*. This tube* is filltal witli 
parallin, and in this is inst‘rt(*d 
tlu‘ th(‘nntau(‘lt‘r. The* large* 
niaas of tlu* parnflin is aettal 
on by tht^ nu^an tt*in|H‘ratun% 
but is uninllutmetHl by any 
slight momentary ebangt*H 
which may oeetir. A S(*lf- 
r<*gist(*rmg tlHiaiHunetta* is 
vc‘ry ndvantngt‘ous» but rtanb 
ings at intervals of half an hour arc* suflieieiit ortiinnrily. Of 
course tlie opt^niiig around tlu' tube* should be* packed so ns to 
prevent all possible ingrt'SH of cohl (‘Xt(*rnal air. 

Oet'asionally mercury is ustal instt‘nd<if parallin. Tliis n‘mlt*rs 
tlie average of the heal more* <*xue(h\ pc*rlinps, but has fht* tlis- 
advantage of being much heava*r and much more e?ipensivt*. 
There are also many dillitnilt i(‘s in handling it wliieli do nt»t tllain 
with paraffin. Tlu* paraifiit should he wt*ll rt*lin<ah and have a 
high nudting-point. 

The UehHng Pyrometer. Tlu* principle* of the CO.^ apparntus 
deseribeul on pag(‘. 201 is also applieul iti the rehliitg fiyroinefer. 
The aperture* A (Fig. 5*1) is loeateal in a nieke*! Ink* wliieli is 
expoa(*(l to the h(*at to be* m<*asured, while* the ii|>i*rture H in kvpi 
at a lower t(*mi)erature*, usually by inedomng it in a efiiimlna* 
surrounded l)y c*xliauHt ste*am at id mosf»lu*rie pi'esstire. llie 
suction at the aspirator lH*ing eonstanf, the piirtial viieimtii at 
will depend on the eliffere'iiee of temfH*nitures at A anti /I, and this 
vacuum is indicatc*d on a, water gage* and iikti on n itaaircliiig 
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gage aa in the (X )2 apparatus, the graduations being made to 
record teinpen-aturea directly. 

A pyroincd-er and (Xla apparatus are also combined in one 
machine. 

VOLUME OF WASTE GASES 

The fan-whed nncmonielcr is an inatrinnent to measure the 
for<a> or rapidity of a curnmt of gas. It consists of a fan-wheel 
rof.at(Ml by tlu( moving gas, and which transmits this motion to 
an in(k« showing (ht^ nunibcu’ of revolutions. Burnat used this 
api)arai.uH t,o nu-asuix; th<i quantity of air passing to the grate 
under steatn boika's. 

Fletcher’s Anemometer. I''kd,ch('r’s amunometor (Fig. 57) 



Fit}. fjTu FI(‘t<‘h(‘r’H Aiu’inomt^ter. 

is iiscmI in to ascin’tain sikhmI of flow in chinnu^ys and 

In its siniplititMl form it is (luito st‘rvic(Mil)l(\ It is l)aBed 
oil th(* mov(nn(‘ut of a. column of ctluT in a U4 u1h\ 

vmh of tlu‘ glass tul)(‘s it^ b mv placod in tlic fluo project- 
ing into it a littl<‘ lew t han oniwixth of its diameUu*. The straight 
(aid a should hc^ panillcd to ilm diivction of the current, and the 
caul b at right* angle's to it. IhmUa proposcnl bending both ends 
in opposite dircMdions, to obviati' the (‘rror (‘austal if the tubes 
W(*rc^ not HO pla(’(*d. Thvm tulK\s eommunii'ate with the ether 
tulx^ cd, Th('. draft acjross tlu^ tube's t‘aus(‘s thc^ ether to rise in 
n by aH|)iration and t.o fall in b by iin'ssure. The difference of 
lev(d is rc'ad, tube's arc' turned through 1^0 degrees bo as to 
reverses their positions, and the differenca^ of level read ag«’»^ 
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The sum of the two diffcreneos is <*.all<'(l ilw an(‘nu)nK^t(U’ naiding, 
and by means of tables the velocity ol th(‘ (airnait is as(‘(‘rtain('(L 

The same trouble is (‘ommon i.(> all aiicMnoinetca’ UH^thods. 
The flue feeding the fire ree(MV(‘s only th(‘ air passing in muhv 
the grate. Whatever pass(^s in by tla^ doors or thnmgh era(‘ks 
escapes accounting. On axH‘ount of this it is e(*r(ain (hat the cal- 
culations liased on anemometer rtutdings art‘ lowin’ than thc^ 
actual air supply. 

Segur’s Differential Gage. Si^gurV dinVrmdial gage^ (Mg. 

58) consists of a U-tulH^of .Uin. glass, sunnountcai 
by two chamlKn’S 2^ in. dianu*tiT. Two non- 
|| II miscible Ii([uids of (linVnmt colors^ usually 

— I ^i^leohol and paratlin oil, an* placed in (he twc) 
arms, one occupying tht^ portion All, tht‘ other 
JL ‘ portion d'he movement of the line 

1“ 3 j of (kanarcat ion is proportional to ttu* ilitTereiita* 

5 in area of th(‘ chamlH*rs and the Itiiie adjoin- 
L: I ing. A moviaiuait, of 2 in. in the I’olumn rt‘pre- 

i : I scaits |-in. difTenaice of [n*es.snr<^ or draft. 

|] I Hirn’s Method, d1it‘ apparatus used by 

-T Burnat. as a check on his own calculations was 

I If _ I <l(W’is(‘d by Him, and is bases! on the baanula for 
|Elr^ the ratc‘ of (low of (‘ompnwsl gas«\s from a 

J reservoir, friction l«nng neglected. I1ie etHdlieient 
of r(‘duclion uses! is thU, (la* out* given bv I ^ulaiis-. 
son in Ins tnaitisi' on Iiydnmlics. 

Tli<‘ main ilifliculfy c’onsififH in mt‘asuriiig the 
differem^e of pressure of tln^ nimosphen*- iti th«* ash pit anti Ihiii 
outside, for th(^ (k'pnwion in the* Hues in somi* eases «I«ies not 
exceed a few millinud-erH of water. Hirns appiirutus removes 
this difliculty. 

Burnat d(mcrib{*H it as hdlovvs: 

When making a test the* d(M»r.s cjf the ash pit are rtamiveci 
and replaced by a pie(‘e of shis^t iron, A (Mg. a!!), w’liiidi rom- 
pletely shuts out all ucc(*ss of air c^xeept through the o|Mmiiig 
in tlie middle, to whicli is flttial Hie pifs* f'/h ITS in. liiiuiieter 
and 59 in. long. A tuln* kaitls from the front to the ii|ipiirit!.iis A*, 
devised by Him, placral on a (ahli* or ngniiist thv kiilia’ iviilL 
This apparatus consists of a small giis4itildi*r wtiosi* iijifMW siirfiM*e 
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is just one de(‘iineier (3.9 in.) on a side. Inside this and above 
the watcn* Ic^vc'l B opens. The l)ell dips into a vessel of 

wat(^r and is suspended from a ])alance arm. 

Th(^ balancu^ Ixun^j? in e(iuilil)rium when the atmospheric 
pr(‘ssure a.(*Xs on l)()i,h side's of the V)ell, if the interior is con- 
iH'cl.c'd with th(^ ash pit tlu^ wc'ight needed to restore equilib- 
rium will give a measure of tlic^ difference in pressure. The 



Fkj. f)!). Ilirifs Apparaius. 


of half a gram (7.7 grains) rc'pn'scaits one-twentieth 
milliiiuih'r (O.OO'i in.) of vval<‘r. 

The formula adoihed l>y Him is 


in which 


V *S'X(U> 


.//(X().7(i(r+()7)r):i77y 

O.OOlH/f ' ’ 


F = vohim(‘ of air itilroducc'd under the grate in cubic meters; 
»Si!=Hcclion in .s(iuan‘ nu'ti'rs of pipc-opiming k'ading air to the 
a.sh pit; 

().i)'^c(H‘fncicnt of rcduclioiii; 

/), --difTcrcauu^ of prcssur(' (>xprcas('d in laaght of water; 

H lmr<tmctri(; jjrcssurc in llu^ room; 

( tcmiKTaturc of the^ room; 

(/ ' -accclt'ration of gravity =9.K08K meters. 


Kent’s Gage. I''ig. (M> n'prcst'uts a mmaitivt^ and accurate 
druft-gage construclial hy William Kent. A light cylindrical 
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tin can A, 5 in. diaiiu^lnr and 0 in. liif^li, Ls inv('r((‘d and .sn,s[>(nid(‘d 
inside of a can B, G in. diauK'U'r, G in. IukIi, I>y means of a long 
helical spring. A J-in. tube is plac^cul inside' of (he large'r can. with 
one end just below the level of the' up|)er edge, while (Ik* odu'i- 
end passes through /.olt! eat. in (lu? .side; of (he <';in, elo.se' (o 
the bottom. The can is filled wit.h water (o within about half 



an inch of the top, and tlx* inner ean is siisjH'uded by (he spring 
so that its low(ir t'dge dips into the water. 


the small tuhe being open at both ends, the air iiu'losed 
m the can A is at atniosiiherie pressure, and (he apring is ex- 
tended by the weight of the can. Tlx* end of (he ttds' which 
projects from the botlom of (he can In'ing now eonni*c(ei| Iiy 
means of a rubhe*!* tuhe with a (ul«* It-ading into the (ha*. oV 
other chamlwr, whose draft or sm-tion is to is* measured air is 
drawn out of the can A until (he pressuri* of the remaining air 
18 the same as that of the flue. The ..xlernal n(mo.sphere pre.ssing 
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on th(^ top of th(^ (‘an A (‘.ausc^s it to sink deeper in the water, ex- 
tcauling the spring until its iiu‘reased tension just balances the 
difTeunu‘(‘ of t h(‘ opposing*; v(ni.i(‘al pinssures of the air inside and 
()utsid(‘ of t.lu‘ can. pi\)du(d/ of this differenc^e in pressure, 

expr(‘ss(Hl as a (k'cinud fi’axdion of a pound per scpiaro inch, mul- 
tiplkal by the intc'rnal aix'a of the can in S(piare inches, ecpals the 
t(‘nsion of tl\(‘- si)ih\fi; (a,bov(‘ that diu', to the W(‘ij>;ht of the can) 
in pounds or fraction of a, po\ind. The (extension of a helical 
sprinii; beiri^ proportional io th(‘ forc'C' applied, the distance traveled 
downward by (‘an A in(‘a.sur(‘s llu' force of suction, that is, 
the draft'. Th(‘ inovi'uuuit of th(‘ (‘an may (‘onvenicvntly be 
ineasur(‘d by ha.vii\g a. c(‘lluloi(l S(‘al(‘ gradiuik'd to fiftieths of an 
iiuh fastxuu'd to th(‘ si(l(‘ of th(‘. m\\ A, the (*an (uirrying an index. 

"Ik) r(Hlu(‘(‘ th(‘ r(‘adings of tlu^ scal(‘ to their (‘(piivalents in 
incluss of wal(‘r (*oluinn, as wad on the ordinary U-tube gage, 
we have the following formuhe: 

Ixd? /*- forc(‘ in pounds re(iuir(‘d to stretch tlie spring 1 in. 

A' (‘longalion of (h(‘ spring in incluvs; 

A - a real of tlu‘ inn(‘r can in scpiarc in(‘h(\s; 

d = dilT(‘r(‘nc(* in pnassun^ or for(‘o of the draft in pounds 
l>(‘r H(juur(‘ inch; 

Z) = dilTerenc(‘ in pr<‘ssur(‘ in inch(‘s of water = 27.71(i. 


EP^Aii- 

2/.( I 

.1 ’ 

(umn^D 

h j, 

'riK* luHt tHiualiim hIiowh tliiit. for a constant force of draft 
the elongation of the Hjiring or the movement of the can may 
Ik* itK-rcfisetl by increnHing the; an'a of the can or by d(!creas- 
ing the stnmgth of the sjmng. 

Applying th<* above formuhe, the movement of the. can <!orre- 
sponding to a draft, of 1 in. of wat<‘r column, tlu* can A Iiaving 
a dianu'ter of 5 in. « in. an>a, and the spring of such a 
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strength that 0.1 lb. elongates it 1 in. Here 4 = 19.63; 


15 = 1. 




ao:i()ix 19.03 

'""o.'b' 


7.09 in. 


That is, the instrument inultiplies fh(^ n'adings of th(‘ I'-tulK' 
7.09 times. The precision of (Ii(' instrunienl is, howc'ver, 
far greater than this figure would indicad'; for in tla* I'-IuIk' it 
is exceedingly diflicult. to read witli |)rei'i.sion (h(> dinVrene(> in 
height of the two menisci, while with this aiiiiarafu.s readings 
in the scale may easily be madt' to ‘/no inch, which wilh (he imdti- 
plication of 7, is equivalent (<> of an inch of wafer column. 
The instrument may also h(' cnlihralcd by direedy coniparitig its 
readings with those of an ordinary U-tuhe gage. 

The Ellison Differential Draft Gage (Kig. (il) eonsi.st.s of an 



inclined tube of small caliber a( (ached (<» n verlicai lube of large 
diameter. Theses an^ numnlcd on an idtiininiim cji.se, wi(h a 
graduattul scale along the inclineil (uIm-. The titbcn jne (llleil wi(h 
a light non-drying mineral oil (sp.gr. O.fvM), and (he gradual itiiw 
are so nuule tlnit the figures correspond (o hundn-ddiH of an inch 
of water-level. In (he combinnthm gage (he loacrejid jtf (he in- 
dined tube joins a U-tul«‘, so (hn( pressur«-.s tiji (o in. i.f wjiter 
may be measured, the gniduutums in (he I'-lulw iK-ing (endw of 
an inch. 

The Blonde Differential Draft Gage regisfeis n difTerence 
in pressure or draft Itctwcsm (he d!tm|H'r jind (he furimi'e. 
The amount of gfis flowing fnnn tlw furnace (t. (he liui' djiiiijs>r 
is proportional to tlwi veloeily. 'I'he velocity <ie|n n.ls on (he 
difference of pressure at the entranci* ami the cml of (!,e pas- 
sage. If the gases were of uniform U*ni|H‘riiture and prcssuit;, 
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tho qmmtil.y (lowing would 1)(> proportional to the square root of 
the pr(‘ssur(‘ dilleix'nc.t*, linn law is modified by variations 
in the h'nipc'raturc'. and density, but within the ordinary range of 
conditions of boihn- pra,c(.i(ui it is approxiaintcly true. If the 
furiuuH^ conditions an-, constant, so that the gas always contains the 
same i)crcentage of i.'ih and of O, then the amount of fuel burned 




Noi’iuul optn’iillun ol’ boiler; 

% TtM> itmeh ivir, fool lK 5 (l too thin 
orholoHin tiro; 

a, *1*00 Uttlo iUr, fuel IkhI too tUlukor 



ihv duiktnl by Hltig; 
Boiler ruuninK with ovmiotul^ 



5 , Ikiiler running with uutlorload 


Ful.tl'i.— Uiiigruinof Blonck ICfrnni'nry Mett'nirul l^rineipal Iiniicatkms of the 
* Instrument. 


in a giv(‘ii tinii' is i)roiKirtional l<* tlu^ gjis volume, and tho boiler 
capacity is also approximutcdy tiroportional to it within moderate 
rang(‘8 of I'Xctw driving. Having onc<^ established by experi- 
ment th(> diffenmct' of tlraft pri'ssure that giv('s a normal rate of 
driving of a given Iniiler, a tlilTta-enlial pressure gag(^ will indicate 
whether the Ixalur is tlevelopiug mom or Iciss than its rated 
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capacity. An in(U’(‘a.s(^ in th(‘ tlraft l>(‘!\V(M‘n tlir finaiaca' and the 
damper may, howevea*, Ik' <‘aus<‘(l not only by ox<a‘ssivi‘ drivinii;, 
but also abnormal rurna<*(‘ conditions, su{‘h as too thin finas or 
holes in the fires. d1u‘S(‘ (‘oe.ditions may lu* slioum l^y a sea’ond 
gage which shows the dinVr(‘nc(‘ in pr(‘ssur(‘ In'twcam tin* ash 
pit and the furna(‘(\ If tiu‘ normal ilirrenmec* for a givm rnt(‘ of 
driving be established, a. d(M‘reast‘ in that diiha’tmet* means d('- 
creased resistance of the fu(‘l iu*d, which may Ih‘ dm* to thiii fin‘s 
or to holes. An inen*as(al dinVr<‘n<M‘ mtams increased rt\sistnnee 
caused by too ihi(^k hn*s or fin^s chokisl by <’linker (‘oal or by c*aking, 
or grat(vs eholaal by ash or elinki'r. 'The Bloiu’k f*Hiri{*nc*y meter 
(Fig. 02) takes the phna* of tla* two gagc's. It <’on.sists essentially 
of two sensitives draft, gagers. The lownr oia* is tillecl with n*d 
oil and gives a rcTUive* indication of the presstm* wifli wldcdi tlie 
air passes into the furnace* or the* r<*sistanc<* of t!ie* fia*! IhhI. Hie 
upjxw gage is filleHl with blue* enl, aial gives a relative* meaisure* 
of the amount of (‘omhustion gas(‘s passing the* lH>ili*r preejHa*. 
The meter is provideal with two sluling sealcs wlueli are to Im* ad- 
justed to the* l)(‘st and most, (‘tlicic’nt (e|H*rnting eeHalition of flu* 
partieadar h()ilt*r. The d(*du(‘tienis to he n*atl from tlie various 
positions of the oils in the* instnnn(*nt are* sheavn in tla* eliagram 
below the illustration. In <a*de*r to instna*! the* tireman abeait 
the correndion of wastc‘ful eamditiems in the* tire*, the* sliding senle*H 
are provided with the* al>hn*vintions; mermid peeMtmn larrenv); 
excess air (+ air), anel lae*k of air ( airh 

The Uehling Triple Draft Gage (Mg. te.'li is arrange*el to show 
the difference* in pre'asurt* be*{wca*n the* ai^h |nt. lla* e’ombuHiion 
chamber and tlieehunpe'r at will. Attae*ia*el m front eif the scale 
in an intdined position is a large* glnss tutu* IJ, ctintaimiig a Miiiid! 
tube 11 which protnuless frenn the* tuh* IJ, at its up|«*r end. II 
and L re'spcctivedy art* in ctMnmunieaitutn with tie* hve»way %ailve 
C through the cormectitms 1) ami K. Hee \aK'i* Ibis fnrtiier 
connected through suitable* pi|M*s A with tin* :r^li pit. I ttilli the 
furnace and (} with gas exit lH[*twi*<»n the Iwnlrr and the diiiii|M»r. 
Thc^ valve C is o{Kaiii(*d by a movable int|e‘X J mhirit revnlves tii 
front of a dial upon which tin* le(tt*rs i>, 7\ F, H are* ?4iowii. \V1ieit 
the index fioints to O, // and are* in conimtniirafioii and the gage 
shows Z(rro, When it is iitcnaMl t<» *l\ U ainl Is are in riiiitiitiinirii- 
tion resiK*ctively with A and (J and the gage fho total 
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draft between (rlu^ ash pit and damper. When the index is 
moved to F, II and L ivspc'ctivc^ly communicate with A and I 
and t.lu^ gage! shows fui'na(!(> draft, i.e., the drop of pressure or 
r(>sistanc<! through the fire, if the index is moved to B, H and L 



Fki. "rh(‘ Uchling Triple Draft Gage. 


n'spc'ctively eomimmicate with I and (I and the gage shows the 
boiler draft , i.e., t h(‘ drop of pre.ssure between the furnace and the 
damiMU-. 
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BOILER. TESTS 

iporation of st(Mun hoilcn’K nhould be conducted in 
inc<‘ with th(‘ in)wc‘r ('ode of the American Society of 
iic^al hiii|^in(‘(‘rH, 1 hone* portionn of the code relating 
ally to boiha* teatH are almiracUHl bedow. 

iNHTItUt'TlONH Hk(JAHI)IX(J TkhTB IN OeNKHAL 
(('C)d(‘ ef 1915) 
oiOKirr 

rtain th<^ Bpcrific object of th(‘ iM, and keep Huh in view not 
' in the W(trk of preparation, but uIho during the laognsHH of the 

iH'Htiona of fulfillment of contract are involved, tlu're nhould 
ar iinderatanding lu*fwei*n all the parta^H, pnderably in writing, 
K! <»{K*rating (’onditiouH whi(‘h nhouhl (jbfuin during the trial, 
uhIh of t(‘Hting to hi* hdltaviHl, correcdauiH to be made in cuhc the 
;w actually exinting during tiu* tent dilTer frean thowi npecified, 
oth«T maiterH alwait wliich dinpute may arise*, uhIchb theae are 
LiKprem*d in the! contrac*t itst^lf. 

eitECAIiATlONH 

imimiH, IVIeiiwirc the diincuisionH of the prineipal partn of the 
m to Iwi tf*Htt*d, wi far m lliey Innir on tlie ohjectn in view, or 
te them from wcaking drawingH. Noticf* the general featuren 
fparatuH, hoth eit<*rior and interior, and make aketcheB, if needed, 
unumial |«niitH of design, 

rt of the liciitlng surfac^ea of boilers and HU|H»rheH,ters to la* found are 
1 tif surfiieeii ill eontiu't with the fire or hot gaa«*H. The suhinergtjd 
'Anm ill boilers at lla^ mean water level should la* eomidc^riHl aa water- 
ing «urfiiee«, atid other Mirfaca's which an! exjHJsed to the gases as 
fliemting aiirfacvi. 
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Examination of Plant Mnko a thorough oxamiitntitni of the physical 
condition of all parts of the plant or apparattis wlurii c'onc’ern the object 
in view, and record the conditiunn found. 

In boilers examine for leakage of (tihcs and riveteii or otlaa* metal jointa. Note 
the condition of brick funiae(*H, graten and b^d^t^'^. brick walls 

and cleaning doorn for air kaiks, either by abutting the tlimi|HT and 
observing the (waping smoke or by candle flame feMt, Determine the 
condition of heating mirfaee.H with referenee t(» extenur dt‘poaita of soot 
and interior deposits of mud or scadc. 

If the object of the tost is to detenuiiie tin* highest elliehuicy or 
capacity ol)taiiuiblc, any physienl tltdinds, c»r dtdVcds of o|H*ratic»ig tend- 
ing to make the result unfav<u‘abie slandd href be reminlied; id! fouled 
parts being cleaned, and tlu' wlmlc' put in first -ihiMH emidifion. If, 
on the otlier hand, tlie object is to nseeriain the iwrformanet* under 
existing conditions, no such pre^pnration is tdther required or desired. 

PnmidionH against Ijakagr, In .nttnuu te‘ds make sure tlint there 
is no leakage, through blowcdTs, drips, c*te,, or any steiim or wider eou- 
ncctions, which would in any way idfert the results. All such emmee- 
tions should be blank(Hl (»!T, or sidisfnettfry ntmmwr should be tibtiiined 
that there is leakage m*ithc»r out nor in. 

Apparatm and InHlrnmrniH, 8(*e tliat the nppamfUH and instru- 
ments are Hubstantiully r(‘liuih% utul arrange them in such ii way hh to 
obtain eorn‘et data. 

Weighing ScakH. For det<Tmining tla^ weight td coid. oil, wider, efe., ordinary 
platform seal(‘S wTVt* every pufiHtne. 'Poo mueh deiwndeiire, however, 
should not he plaetn} upon their rehabihiy wulnad fu«f ridibridmg them 
by the use of standard weights, and nirefullv e^iimioifig tin* kiufi^-edges, 
bearing plates, arul ring sUH|Hmstona, to m'e that they are all in gcitsl 
order. 

For testing locomotives and some elam^H of iiiarme boderw, wlierii 
room is liu'king, wirks or bags nrr wimenmeM irqmfed ft.« fiii'ilitido the 
handling of eotd, the weighing Dang done DUore londing on the feiitltir 
or dc'livery to the tin* room. 

Water Weighiug and MrmunNg ApjmrniuH Wherever priiilieiible the f«ml- 
water should be weighed. eH|MHiitlly for guaiiuifee ir-u^ linwf niitis- 

factory and reliable appiiratus for fhi» |»nt|«e^f' i»f' tmv lif ifiort* 

tanks t*aeh placed on platform Hcnlefi, fhe?»e Dmig iir<^idr*i| n liiilhneni 
distance above the floor to empty into a ria'inviiig tank phir'rd i.»elfiw, tlm 
latter tahig eonncHUetl to tla^ feed puinp, .\leiiniiruig tafik.ii enliltriilwl 
by weighing may alwi l«* xmnl 

In tosts of eornplete strum jKiwer filantw, where u ei rrijiiiieil in 
the feedwater witlmnt unneee»iiiry rlmngf^ m the woriiiig rofiiiitiiiiiH, a 
wafer naster may Im empIoyiHl. Meter iiieiiMireinenf iiyiy U* rf‘i|iiireii 
in many other eases, sueh ns Itsaimotive anti mutine firr%‘ire Ihe iimi- 
mey of meters should lai ikterfiiimal by eidibratioii m pliirr tititler thi 
conditions of 'une. 
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If a large (luaiitity of wal(T m to measured, an automatic water- 
weighin', a rotary, disk, or Venturi nuder, a weir, or some form of orifice 
ineaHunnmnit. may Ih^ (nnployed. 'Fhe mi'HHuring apparatus should be 
eaIil>rat(Hl und(*r tlu' eouditioiiH of use, unless its design is such that 
standard formuhe and constants may he applied for determining the 
disehargen If n'cording nu'chanism is employed in connection with orifice 
or wtnr measuring upparatus, mak(' sun^ that its record is reliable. 

Steam M vatmring A pparatiin. Various forms of stearn meters may be employed 
for uH'asuring sttnim, providial s\i<*h nuders are properly calilmited under 
conditions td‘ ust*, and th<‘ pulsations of presstire, if any, are not serious. 

/Vm-arc (ragen, h’or determining pri'ssun^ th(^ gagers belonging to the plant 
may In* us(hI, provichal tluw an^ <*ompannl with a standardized gage of 
t he spring or imTcury type* an<! V(‘riti(*d, due allowance being made for the 
h(*ad of \vatc‘r, if any, Htnnding in tla* connecting pipe. Much comparisons 
shouhl b(' made with both gng<‘Hat tlu*ir r(*Hp(‘c.(ive normal temperatures. 
In the UHt* of spring gng(*H for sit*am the* gages should be protected by 
propt*r syphons or water Hc*alH and no leakage* should be allowed at the 
gag<*«(‘ock, 'Tht^ gages slionld also bt* loeatcal so that they will not be 
unduly lieattnl. 

Therrmmivttrn. 'rhc'rmom(*ters sluaihl be* of the kind having graduations 
mark(‘d on tlu* glass Hb*m. I'ho.se tiwsl for temp<*ratun‘H above the boiling- 
point of mc*reury (or say above 50(1 deg, Kahr.) should have nitrogen in 
the t<tp of the bore. Tliey should also have a small safety bull) at 
tlu* top- 'rh(*rmomt*t<*rH conHtruet<*d in this way cun bo used satisfac- 
torily up ii} 1000 <lc% I«hhr. 

d'h(*rnHunc*terH which arc UH(*d for important data should be calibrated 
bcfori* and nft(*r a t(*st, by rcfcn*nc(* to standard thermometers. 

i^gromettTH. Mi‘tnlh<’ pyrometers usiul for d(*t<*rmining high temperatures 
inuHl be hnndh'd cautiously owing to fh<* dilliculty of exposing the wdiole 
of the Hli'in to the currc*nt of gas, the temperature of which is to be deter- 
mined, I'^h'etrie pyromelers either of th(* t h(‘rmo-c(>upIe or resistance 
tyiH* are satisfactory for this wt»rk within thi'ir practical range, which is 
1H(K} deg. I'hhr. for iron»niekel (’ouph's and 0000 dc*g. Fahr. for platinum- 
irhliuiu couples *»r platinum ri'nistanee pyronu'ters. Instruments of this 
kind can rc*adil.v be calibrated liy comparing them allow ranges of tem- 
IHTuture with a standardized mereurial lht*rmometer, both btang placed for 
example in a cuiTtmt of hot air the tem|«Ta(ure of wliich is und(?r control. 
Ftir extnunt'ly high teiii|H*ratures such as that of a boiler furnaee, the opti- 
cal, pneuinitftc, iiml radiation pyrometers may be uwd. The calibration 
of high-tem|M*rntnrc instrmia*nts can la* undertaken in a laboratory 
eH|i<*cndIy titled for the purp«me. 

Draft (miirH. When the ordinary I'-tnla* is kt*pt clt*an and the two legs are 
ek»i«e together with the srnlc exiemling at k*aHt to tlie (*enter of eacli leg, 
it gixa’s satisfaefitry indtealtonH. For measuring small amounts of draft 
some form of midtiplying gage may 1 h* employed, such as a ll-tube 
in whii'li one leg is inclined from the horizontal, the multiplkartion 
varying invi*rf«’ly as the aim* of the angle of inelination, the tube iKung 
filled with a light mm«‘ral oil. 'Haw ean In* ealibrated by comparison 
with the simple F-tulx* gage wdien ituliciding a high-draft, say 1 in. 
or mort*. It i« |«*rferab!e to use kenisene instead of water in the U-tube, 
and iitiike itllnwatire for the difTen*ma* of siH*eific gravity. Draft readings 
ahouid la* exjircHH’d in ineh«*s of water-column. 
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Steam Calorimeters. The mont Hatinfuetory inatruiin'iitH fnf drferiiueinK the 
amount of mointure in st(‘nin an* that upun the 

throttling principle, or that conihiiu* thi* throttling ami j^opiirating prin- 
ciples; the orifice us(*d lunng of sut'h nn ti> fhnUth* to ntnioHplicric 
pressure, and the instrunamt heing prc»vided with two therriioineterH, one 
showdng the h'lnperatun* ahovt* thi* (irifi(*e iintl thr other that lielovv it. 
InstrumentH workiitg on the Hcparnting prinetph* alone imiy also l>e 
employed; also certain forms of cdeclric cjdtirnta'teiH, 

Fuel Calorimeters. To det(*rmint* tl»* total heat of i*oinlm‘4t am of a sample 
of coal or (dher fuel, tla* Insst form of cnhmitiaier n oia* m which the fuel 
is burned in an atmosphere of oxygeti gas. I1te Midder tyjs' of calorim- 
eter is recognized as the most cotnplete and acenrafr apparatiis of this 
kind. The total land, of comhustion of gas ahouhl he lotiial hy hurning 
the gas in the ,hmkt*r calorimetc'r. 

Smoke DeiernmuitmL Ho wholly satisfactory metlaMfs for siiatke thderituna- 
tiona have yet come into \m\ nor have any rehahle methods t»een estidi- 
lished for definitely fixing evtm tlie relative deieal v of the nim»ke iHsuing 
from chimneys at different times. < hie meihod coiniiaudy tunployed 
which answers the purpost* fairly well, in that «*f making frequent visual 
ohst'rva turns of tlic chimney at intervals of one mmute or le?ia fur a iwn iodof 
one hour an<l recording theohsi'rved charaetef i?»ties areorthiig to the degrtai 
of blackness and density, and giving lo the various degrees of smoke an 
arbitrary piu'ccntage value rntcil m some such manner na that e\prei«tHi 
in the following tnhh*: 


HM o K K I' n in. ‘g.N 1' M t na 


Denst^ black .... ItHJ 

Medium black HU 

Dense gray.. tit I 

Medium gray . . . 4U 

light, gray . 3) 

Very light fi 

IVace t 
(.dear chimney tf 


TIu^ color and diuiHity of smoke tlefiend mmiewhnf on thi* eliiirarler of 
the sky or other haekgroumi, and on the mr imd tteafhiu' rondilituw 
obtaining wdien the observation ts mmle, anti ihem^ fdioidd Im given tiuii 
consideration in making eoinpnrisims. tlhm*rvatiiae« of ihrs kiml are idmi 
subject to |K*rsomd errors nml errors ttf ludgnauif, Neviullirlcfin, iheit! 
methods arc* ustdul, c*s|MH*ialiy when the re.siilts are pliUfril, itert»fdiiig to 
the i.mreentagt.i seale determined on, so that a grnphir represriiiiiiuiii of tlie 
changes can be shown. 

mmnAKQ anp ummi 

Select a repr«ii.mtiitivn Hhovelful from eiieti liiirriiivdiuitl im it m 
drawn from the coal pile or other source of su|iply» iiml Hturi* the finitifilei 
in a cool place in a covi^rtal metal reeeptaele. When jtll the cfinl Ihiii 
been Bampled, break up the lum|»4, thoroughly mix tin* wtuili^ i|itiiiittly, 
and finally reduce it liy the procimH of i|iiiirteiiii|| flint rrtifthiiig 
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to a sample wtaKhiiip; about 5 lb., th(^ largest piec.cs being about the size 
of a pen. hrom this sainpk^ two l-(it. air-tight glass fruit jars, or other 
air-tight v(\ss(‘ls, nr(^ to b(‘ promptly tilled and preserved for subsequent 
determinations of moistun*, ealorifu^ value, and ehetnieal composition. 

Wlum thc‘ sninph^ lot of (‘oal has bcHui nnhujed by (quartering to say 
1(K) lb., a, port ion W(‘iglung say 15 to 20 lb. should be withdrawn for the 
purpose of iinm(‘dial(‘ moist un^ dehaanination. This is plaecMl in a shallow 
iron pan and dn(‘d on ( lu* hot boilta* flue for at bast 12 hours, being 
weighcal b(‘f(»re( and aft(‘r drying on scales rtuiding to (quarter ounces. 

Tlu» UKUstun* thus dc'h'rmiiual is apiaoximately relial)le for anthra- 
cite and s(ani»bituininous coals, but not for (’oals cu)ntaining inirnh inlu^rent 
moistun*. Inn* such (‘oals, and for all nTiable (kiterminatious the method 
to be pursued is as follows: 

Take om* of tla* Hnin|>k‘H eontairual in tlu* glass jars, and subject it to a thorough 
air drying, by Hq»rrntiing it in a thin lay(‘r and exiKwing it for stwcral 
hours to lh(‘ ntino.s|>lH*n‘ a warm room, wt'ighing it bc^fon^ and after, 
th<‘rt*l»y d(‘t(*rmining I lit* (quantity of surfae(^ moisture it (‘ontains. Then 
crush th(* whok' of it by running it thrcmgh an ordinary (*olT(*e mill or 
tUla'r suitabk* erusht*r ndjustcsl so as to produce soim^what coarse grains 
(kw than Vm in.), thoroughly mix tin* eruslu'd sample, s(*l(‘et from it a 
portion of from It) ttj 50 grams (.say Vv to. of 2 oz.), w(‘igh it in a balaiux) 
whicli wilt easily show a variatkai ns small ns 1 q)art in l(HK), and dry it 
for one Imur m art air or sand hath at a l(‘njq)eralur(‘ b(‘(w(*(‘n 240 and 
2H0 d(‘g, Kahr. W'eigh it and nasjrd thi* loss, tlum heat and weigh 
again until tin* minijuttin weight has b(‘ea rcaclu'd. O'lu^ difbnmee 
betweeti the original and the luiniimmi wtaght is the moist urt^ in the air- 
dried ct»al The stun of tin* moisttin* thus found and that of the surfaeo 
moisture is the total mcasture. 

If a large drying oven ts availabk* the moistun*. may be det(^rmin(*d l>y 
heating one of tlie glass jars full of eoal, th(* cover laang nutiovtal, atatem- 
|M*rature lietw(*en 210 and 2K(t (k*g. Fahr. until it rt*aclu*H the nunimum 

weight . 

With certain lignite lower tem|H*rntim*H for drying may be advisable. 

Tin* gtamral method iilsjvt* dt*Hcrilmd may also Iwi followed for oldain- 
ing a Hiimple tlte ashes and rcduw% and for determining the amount 
of moisture, if any, in the .sample. 

HAMCniNCi HTKAM 

(kmstnict ii Hiiwfilifig pi|w^ or noj^zk^ made of iron pipe and 
irim^rt it in tin* steam miiin at a inant wlu*re tlm taitrained moisture 
is likely to la* most Iht^roughly mixiak The inner end of the pi|.)e, which 
«lioitld extend nt^nrly iicross t.o tin* opjK»site sick* of tlie main, should be 
ekmal and the interior |girtlt»n |M*rforated with not kjss than twenty 
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holes equally distributed from (*nd to eud and preferiildy drilled 
in irregular or spiral rows, wilh the first hoI(‘ not less than half an inch 
from the wall of the pipe, (S<h‘ log. h i.) 

The sampling pipe should not be plae(‘d mair a point wlien' water may pot*ket 
or where such water may alTeet thi' amount of moisture eontained in the 
sample. 

PUOXIMATK ANALYSIS OF AIH-niUKO COM, 

To determine volatile mnttt»r plnet^ about ! gram cd the air-dried 
powdered eotil in the erueihh* and heat it in a clrving ovtat to 220 deg. Falir. 
for one hour (or longer if imvmiry to olitain tin* ininitntna weiglii), 
cool in a desiccator and weigh. ('(»ver tin* t‘ru<*ibl{‘ with a IfHise platinum 
plate, Ueat seven minutes with a Bunsen bunaa- giving a t] tu t^dn. 


34'ta. 

h«lU'tt.Uy |>lp« 








Fna (H. — l^i|H* f(»r Humplmg Steatn. 


flame, the crucible Ixnng Hupi>orted din. nlM>re the trip of the Imrm^r 
tube and protected from ottiside air etirrents !iy u evlnidrii'id 
chimney d in. diameter. (2o«d in a tle,Hieeator, rrtnuw tlie eiiver and 
weigh. The loss in vvtnght repnsscujtH tlie volatilf* matter. 

To ascertain the aslg ht*af the resulue in tlie erueible bv a Blast laiiij» 
until it is C()m])letely burncHl, using a stn^am of oxygen if desired to Itiesfen 
the process. The rtwidiie is the ash. 

The ditT(T(mee iMitwc^en the resahte hdt. afti^r the of the 

volatile matter and the anti is the fixes! cariKtm 


HAMI*I4N<J Ftair, tIAHKS 

The sampk^ for flue gas analysis should h* drawfi friiin the regliin 
near the center <}f the main Isidy of esenping leang a 

pipe not larger than Mdn. gas pi|«*. The imint s^'lei-trd tmi* 

where there is no chance for iur»leiikag(* itttt» the flue wliirfi eoulil nffeei 
the average (lualiiy. In a nnnul or stjuare flue having an an*a of not 
more than oraHUgiitli of the grate surfnee, tlie siiniplifig pifw* iimy la* 
introduced hormmtally at a central line, or prefra'aBly ji liftl** liiglter llinii 
this line, and tlie pijMi should eemtaiu |M*rforittiitiiH r.vleiidiiig the wlni!e 
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knigtli of tlu^ pari iiiniua'scMl, pointing tovvnrd the cAirrent of gas, the col- 
l(M‘iiv(' aix'a of th(‘ pca’forations h(*ing l(‘ss than l.he area of the pipe. The 
pipe' slanild la* fnaiucntly nauovcal and eleaiHal. 

It is advisihh' to tak(‘ samples both from the (lue, and from the fur- 
naet*, S(» as to d(‘termiiu‘ the* amount of air leakage through the setting and 



Fna 





□ 


tifi, Method of Hainpling Flue (Iuh. 


tlm ehauges in the tampHisition tif tla^ gas htdwcaai tite furnace and the 
flue. 

It m to iiraw n eontinut»UH sample, tising a suitahlc^ aspirator, and 
provah' n hnmeh pi|«* from whieli to olUain th<‘ (eHt-sample. dlie test 
wimple ran tlien Im’ taken either mimamtarily «»r eontinuously, according 
til the requirements. 

M IHOKLLAN Kol< H I NHTUUOTIONB 

I1ie person in rliarge of a tf‘st shoul I have the ahl of v sufficient 
iimiilter of ^o that he may 1 h' free* to give HtKH'ial attention 

t-o any iinrf of the work wlienever ami whenever it rnay recpiirtHl Ho 
shotihl itiiike laiiv tlmt the indrtnnents and testing apparattts eontinually 
give relbhle iinlieafions, and that the reatfings an^ eorrt‘ctly reconhal. 
He shiiiild abii keep in view, at all iK»ints, th«* o|MTation of the plant or 
part of the plant timii'r test and see that, the o|M'rating eonditions deter- 
intneil on are niiiiiitiiined ami that nothing oeeurs, either by accident or 
cli^sigii, to vitiiife the diita. 'Fitts Inst prt.H'aution b es|aH.‘iiilIy needed in 
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Before a test is imdertaken, it is important that ihv hoik^r, engine, 
or other apparatus eoueeriUMl shall hav<^ iunai in op(‘ration a sufliekait 
length of time to attain working t(‘mp(‘ratun‘s ami prupi'r optTuting 
conditions throughout, so that tlu^ results of the Wsi iimy t*xprt‘S8 the 
true working pcrforinauce. 

It would, for example, be manifestly inprotHa to start a f<‘st for dtamanining 
th(‘. maximum enieiency of an t‘x(ernnlly tirod htiilor with a hriok setting, 
until the boiler had lu^en at work a sutlieimit number of days to dry out 
thoroughly and lieat the brick work to its working tem|HTature. 

An exception should he noted wluax^ tin* ohjiad of the (e^t is tu oldniti 
the working perfornuinee, ineluding tlu* thVet of preliminary healing, 
in which case all the eonditkms should eonform to those of regtdar 
aervicse. 

In preparation for a test to tkanonstrate maximum ellieietmy, it is 
desirable to run preliminary t(*sts for the purpose of <k*termining tlm 
most a(lvantag<ious (umditions. 

oenuATiNt} foNornoNH 

In all tests in which tin* ohjeet is to ikdermita* tlie |«*rformani‘e 
under conditions of maxitnum tdlieitaiey, or where it do>irini to asrt*r- 
taiu the effeet of pnsk'termimsl eomlitions of o|K‘ra!ioii, nil "Sieli eomh. 
tioiis which have an appnsaahle (*jTeet u|H>n the etlieieney slatukl he 
maintained as nearly unifortn (hiring tin* trial ns tlie iimifnfioiiH «>| prneti” 
cal work will ptumit. Wh(T(* maximum (*irteienev the tihjerf ia view, 
there should he uniformity in such matters as steam pre^^aire, times of 
firing, ciuantity of coal suppiksi at eaeh firing, fhiekne’s fd hie^ nml Jn 
other Mug oiMTations; also in the raft' of supphing the tVedw at(*r, in 
the load, and in the ojH'rating eomlitimis thrmsghout, thi the other 
hand, if the ohjcs'l of tin' t<*st is to tkdermine thi* peifontiama* under 
working (Haiditions, no attempt at uniformit v is either de:areii or ret|iiirf*d 
unk'HH this uniformity eorresiMimls to the regular praetire, and wlieii this 
is the object the UHual working conditions should pnwiiil thniuglioiit 
the trial 


A log of the diitaHhould \m entered in not4*4«»oks or mi liliiiik slieefs 
suitably prepiux^d in advanee, 'PIuh Hhould b’ d*mf* in Hitrli 
that tlie test may he divided into hourly iHTawD, or if tii^eev^ary, 
of less duration, and t\m leading data ohtnineii for anv one nr iimr#* 
as desired, thereliy showing tlie tk^grH* of uniforniity ohlniiieii. 

The readings of iiwtruinerita and appuriilus in tin* ti*f4 

other than those sh(.iwing c|UfintitieM of eoiimiiriiition f*4ir!i im fuel 
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wat(T, and riikK should ho (ak<‘n id irdurvaln not exceeding half an hour 
and (»ntc‘r(‘d in the* log. \Micn the* indicatioriH fluctuate, the intervals 
sliould h(* reducc‘d. In the* cast* tif sinokt* ohservations it is often neces- 
sary to take* ohservations <*vt*ry niinutt*, or still ofteuer. 

iMnkt* a na'inorandinn of ovvvy vvmt connected with the progress of 
a t<*st , h(nvt*vt*r unn<*ct‘ssary at tht* tiiru* it may api)ear. A record should 
he matlt* <jf the* (*xact tirnt* of t*v(*ry sueh oeeurrtau^e and the time of taking 
c*very vvt‘iglit and <*very ohs<‘rvation. h'or the purpose* of identification 
tla* signature t>f tht* til»s{*rver and tin* date should be affixed to each log 
siH*(*i «u* rtM’ord. 

In tht* simph* inatt{*r of w(*ighing eoal hy thc^ harrow-load, or weigh- 
ing water hy tlu* tank-full, which is nsjuirtHl in many t(‘sts, a s(*ries of 
marks, tu' tnlUtns, shtaild never ht* trust<*d. Tht* tina^ (‘at‘h load is weighed 
or emptied slaaihl h<* recorcl(*d. 'flu* wt'ighing of coal should not he 
<lt*legnt«*d tt» nnrt*liahh* assisfunts, and wh(*nt*ver practicable, one or more 
m<*n shtailti he assigned solely t<» this work. The same may he said with 
rt*gard tti the* wtaghingtif fetaiwaU*r. 

Cl.trrriNtl IKVCA ANO UnHULTB 

If it is th’sinsl to show th<^ uniformity of the data at a glance the 
wh(»h* log of the trial should Is* plotfisl on a I’hart, pr(*f(*nihly while the 
test is in progress, using hori^'ordal distanees to repn^s(*ni tim(\s of obser- 
vation, and vertical distiuHa‘s on suitahlc* scah»H to represseat various data 
as record* ‘d. 


Hie refMjrt of a test shoultl presiuit all tht* Itiuling facts l)eanng on 
the di*?4gn, dimeioaoiiM, cfualifion, ami t>|H*riition of the* apparatus tested, 
iinil slsoiiht include ii deseriplmn of any otht*r apiMiratus and auxiliaries 
concerned, togi*fher with such sketehes ns may he ntHskal for a clear 
umlerstamling of all |snnts umter etutsideration. If slumld stata elearly 
lilt* iiiid eharacter of the test, the mt*thotis folltm^ed, tlie conditions 

liiaintiiiiied, and flu* ct»nt*!nsit»ns reaehtal, closing with a tabular summary 
of till* I'lriiicijiiil data and results. 

lieuKH roll I *o,\iii?eHNai Kvai*ouativk Tests of Boilers 

OIIJKIT ANU imKf»ARATIOMS 

Ileteriiiiiit* the ohjert of the lest, take the dimensions, note the 
pliysieiil roiiditioiis, exiiiiiine for leakage, instill! the t4*sting ai)|)liance8, 
elfv, im fMiiitted out- in tlie g«*ueral instructions and make preparations for 

the lest iietsirdiiigly. 
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Determine the chanie.ter of fiu'i to !>(» usiul. For Irsfs of maxinuim 
efficiency or capacity of the hoihT tt> compare with <»fher hihlers, the 
coal should be of sottu' kind which is commerc'ially re^arde*! as a sfaiidnrd 
for the locality vvhen^ ilu'. l(‘st is ma(h‘. 

A coal selecUnl for maximum t'Hicieucy and capacity tesla sliouhi 
be the best of its class, and espetdally fnu* frmn sla^j^ini*: ami tumsmil 
clinker-forming!; iinpuril i(‘s. 

For (!;uanuit(H^ and otln^r t(‘s(s with a sjuniherl c’oal eontaininic not 
more than a certain amount of ash and imusture, the e»»al srlecfrd shotdd 
not be higher in ash and in moisturt' than (he stati^ci nmounfs beenuse 
any increase is liable to nMlucc* eflieitaiey and ea parity mori» limn the 
eciuivaleut proportion of sui‘h inereas(a 

(>CnUATIN‘(* CiiS\iVVU\SH 

Determine what th(‘ opta-ating eondithms ami metljod i»f firttig shtuihl 
be to conform to tlu‘ objt'et in view, ami mm* that thiy prevail IhruugiHiiit 
the trial, as luavrly as possibha 

Where uniforinity in (he rule of evaporathm is required, arrangement ran 
usually b(‘ mad(' to dispost* of tlu' steam so tlait thin remit ran be at faimHl, 
In asingk' boika- it may l»e necomplished by riisrharMtng Miram fhrouji^tt a 
waste pi|)(' ami n'gulating the amount by means t.f a valve In a batn-ry 
of boilers, in which only one is li*slcd, the draft may be regulated on the 
remaining boilers to m(a‘{ (la* varying demands for aieimu leauiig the ||•> 4 t 
boiler to work utak'r a steady rate t»f evaporata»n. 

mii \Tin\ 

The duration of tests to determine the ellicieney of a hand final boiler, 
should l)e at least- ten hours of eoittinmais nmning, «»r Mtieh fstneM a^ may 
be retpiinal to buru a total of 2o0 Ih, of eoal |ht Nt|uare foot »»( grate 
In the case of a boiltu* using a ineehanieid stoki-r, flu* diiralioii. ivhere 
practicable, should la* at kaist twentyTmir hourn, If the .iMker 1 =. of 
a type that permits tin* (luantity and eondilam flie fuel |.«*d at iteicm- 
ning and end of (he test to Iw* marnraltdy irstimated, tlie «!unifi*m itiav l.e 
reduced to ten hours, or suclt time as may bi* required ft* burn the lotjil 
of 250 11). per HCfuan* foot. 

In commercial 1 (*h(h when' the service rcquiri*?i ronfiiiiiotrH ii|«*r;itiofi liigiit 
and day, with frcH|uent shifts of liremen. the durata<n of ihr ii'ni ttltrilfi.r 
the boilers are hambfirt'd or stokerdired, shoutii at kmt i wraif v-loiir 
hourn. 

HTAHTI.NO ANt) SToriUXU 

The contlitions n'garding the (em|K*ralurt' of fhe fiirimee ainl bniler. 
tlio quantity and (|uality of iht* live ecml am! lish im the griilra, llie water 
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level, and Uk' sleiuii [tiv.sMire, slKiuld l«« uH nearly aa possible the same at 
tht‘ ns nt tin* of tin' tnsL 

'I'o seenr<« the desired e(iualit.v of conditions with hand-fired boilers, 

tlu* follcnving innilicui .slnniki lu‘ (‘mploycd: 

Thv furnnrr hriinr. woll ht\nffd hy a pn^Iinanary nui, Imrn tho fire low, and 
thoroughly rloan it, lonviug (uiough Iiv(‘ coal Hfinwl evenly over the. grate 
(say 2 lo I Hi. h* to servi* an a fotualation for tlu' nm fire. Note quickly 
the thH'luu’iw of the eoal hed as la-arly ns it eati 1)(‘ eHtirnated or measured; 
?dso the water lovrl, I ihv ateam preHsuH', and the time, and record the 
latter an the atartnig tina*. Freslj etml should then he fired from that 
weigluai for the tent, the a^4l pit thorotighly eUnmed, and the regular work 
of the teat priH’iaalrtl with, 

Btdon* the rut i »>! tlu* lest t he fin* shouhl again he burned low and cleaned 
in stieli a manner to h*ave tlu* anna* amoimt of live coal on the grate 
as at the start . U h«*n thi>« (‘oiulititui is n^nehed, ohs(‘rv(* (tni(‘kly the water 
h*vt*l, I till* steam pie^iMiir, and the time, and n*eord the latter as the slop- 
ping time, U thr water l<‘Vol la liwver than at tia* h(*ginning, a correction 
fdmuhl Iw* maile by eofn|nHalum, rather than by feialing additional water. 
Ftnidlv remtivo flu* a^huH and refum* from tlu* ash i>it. 

In a plant eoiHaimng several wlu'rt* it. is Jiot practicable to 

etean tlioin simuhaiu-tar^y, the fires shouhl he elt‘nned one after the other 
as rupuily as may bt*, atul eaeh mie after eh’uning clmrged with enough 
eoid to nnunfam a thm fire in goo«i working eondition. After the last 
lire t:4 rlojuu'd and in working eim<lilion, burn nil the lir{‘8 low (say 4 to 
h m j, noir itmrkly tlu* lhiekiu*sH of eaeli, also tlu* water levels, steam 
pressure, and time, whn*h last taken ns tlu* starting time. Likewise 
%vhen the tune nrviwu for elor^uig the lest, the tir(*H should be quickly 
eleiHird tuie by i»m% and wlieu this work is eompletiHl they should all 
Is* hurra'd low* theaiitu** iw at the afarf and the* various ohHt*rvat ions made 
fis noted. 

In the vmv of ii liirgi* boilf'r having m*veral furnace doors reepuring the 
fire to l«* rleaneii m se-efioiiH oiii* after the other, the above directions per- 
faimng b» at art mg ami sio|iptng in a idimt iif sevend boilers may he 

ftilkiW'ial. 

1 o oldaiii flit* itesiriai ei|mdity of eumlitions of the fire when a mechani- 
eiil afolcer other flinii a vhniu gratt* is ustnl, tlic pmcnHlure should Ikj modi- 
fied wfiert' |ifiirticiil4e iia folhwv.’O. 

lleg'iiliifi* till* roid feed .no iv-t to burn the fin* to the low condition itK|uired for 
rlriiiimg Mint *♦!! the eoalderding nieehaniHin and fill ho|.j|M^rs level 
full f Ir'iiii I he a:di «»r dump plate, note <|im*kly the depth ami condition 
Ilf the eoal «»ii the grate, ilie Wiitef level, the steam pnwure, ami the time, 
find na-Hrii the |,atfrr ie» tie* starting turn*. Hien start tlu^ eoal-fecding 
mrrhiiiii'mi, flrMiii ill** le*!! pit. lUid proceed with the rt*giilar work of the 
tCMl 

\\ lien ihe time iinivrH fur the elo«e of flit* test, sliut- ofl the coal-feeding 
liieeliiiiiifUii, fill the hMp|«*r?* anti hum the tin* to tin* same low |M.antii8at 

* I III I lii fill fJiutill aellioe Hr riiiipi 

f I III iiisi lilfitt ii-ii’ i'MiMoas t«^f lit Pie* iitiiir t»efi»rc thcM-i rcatiiags 

life fiikrfi. U»»|U alUiU liJrtj t**' ♦'illlPt’tl t>y tt ehiirgc *>f tciapcrtt- 

Itifp «iiii *irn,fiii| pf ilir wain wiinm me cMliuaa ami roitiieetiiii pipe. 
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the beginning. When Ihin condition in nvu'hcHb note the wntcr Icvf»l, the 
steam pressure, and the time, and n‘cor<l the* latter as the* stopping time. 
Finally clean the ash plate and haul t he* asla*.*^. 

In the ease of chain grate shikers, the desired operufing c'cuulii ionn 
should be maintaiiual for half an hour !u*for(* starting a te:U mid for a 
like period before its close, the h(*ight of th<* stt)k«*r gati* or lliront plate 
and the speed of the grate lieing 1 Ih‘ same during botli of thi'se iMTiuds. 

UEt’OUDH 

Half-hourly readings of the iuHtruimudH are usually suflieietit. If 
there are sudden and wide fluetuutions, tin* n*aiiings in .^ueh eases .should 
be taken every fifteen minute's, and in soint' instanees {»ftener. 

In hand-fired tests the coal should bt* weiglaal and tielivered to the fireiiaai m 
portions suflicient for oik* hour’s run, tiK*re{iy nseerfannng tiie degm* of 
uniformity of firing. An ample .supply of coal should be tmoiUmneji at idl 
times, but the (|uaulity on tin* floor at the end of eaeh lamr should t»e aa 
small JiH pra(*tic}ihle, so that the same may be readdv r-fuiiatod and 
deducted from tin* total W(*ighf. bik(*\vise m ;4okrr the weight of 
coal fed to tlu* funiaci* (‘n<*h Imur shouUl In* determined 

The records should 1 h* such as to nseertam iiImo the eoieanupfion of 
f(‘edwat<a' (*ach liour, aial tlK*n*hy deff‘rintne tlie degree of umlorntUy of 
evaporation. 

QUAIU'rV OF STKAM 

If the boiler does not product* su|M*rheafef| rdemii tlie |MTrentage 
of moisture in the steam should 1 m* di*t(*rmined by tlie use of a tlirottling 
or separating ealorim(*t(*r. If tlu* boih*r has superheating airfaee, the 
temperature of the steam should in* determined b,v the use of a thermom- 
eter inserted in a thennom(‘tc*r well in the steam pi|M*. 

HAMPIJNO ANP l>n¥i\0 eou, 

During the progress of tlu* test the coal shotild be regtilnrly saiii|itef| 
for the purpose of analysiH ami determinalicm of moi^diirt*. 

AHIIKH ANP HPFI'.Hn 

The ashes and refum? withdrawn from the furnace niul aeh pit. iluring 
the progress of tlu* test and at its (‘lost* should Ir weiglitai -u far ii,M 

in a dry Htafc. If wet the utmiiinf (tf imawturf (.liKitid In* nM-.-rtjnm d Hint 
allowed for, a Hainplit being (akini iiihI drici for thi« i»nr!H.;.e. TltiH 
sample may servo also for aimtysis for the deteritiiimti..!i ..f unburiifd 
carbon. 


OALOlilFUf TIvHTH A.VP AN'APVHKH iil-- i m,||. 

The (juality of tfie fuel simuld Ih* determiiiiaf by I'ldonfir iifid 

analyses of the coal sample uIkivc rt'ferrwl to. 
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ANALVHKH (W FI, UK (lAHKB 

For jippnaiinalo clcioriuiimtions of f.ho cofaposition of the fluo gases 
thc‘ ( IrBiii npfiiintf UH, ur houu^ inodififufioii should be employed. 

If numiontnry sniuploH mv olifnined th(» aualysc^H should be made as 
fuMpHuiily IIS |HKHsiblc% Huy i‘very fiftcaui to thirty minutes, depending on 
the skill of tht‘ o|M‘rntt*r. m»fing at the time the sample is drawn the fur- 
niie<‘ and tiring eonditiuns. If th<' sample drawn is a eontinuous one, the 
intf*rvals may Ik‘ made Itmger. 

HMOK K C UIHKHV ATIONH 

In festH tif bifuminouH eoals rec|uiring a def(‘rmination of the amount 
(jf smoke priHlma*d» tthservations should be nuuh* regularly throughout 
the trial at iiit<*rvii!H live minuli*H (or if maa'ssary evtay minute), noting 
at the same lime the furniiee and tiring etuuIiiinnH. 

For otett-rvaf maa eovering a |wrtod nf one* or more single firings, the intervals 
should lio quarter mumfeH, 

eAnrrnATioN of liKHiu/rs 

(fi) CarrttiiitH'i Qmtiiht t*f Sit am. When llic^ |HTrenfng('^ of moisture is less 
than ;? iwu’ eenf it j ?aifbeient merely to deduet the lM*reent age from the 
wmght of uiitri h'd, m whieh eie.«* the faettir of eorreetion for (juality is 

j per eonf mtMsture 

urn 

When the iwreentage e> guaiter than 2 inr i*ent, or if extreme aeeiiracy 
jH rei|inriah the fnetor of eorreeiion is 

/7/ /o 
it h * 

ill %vlm’h I* Vi ill*' firofsirtion of moiHturf% ft the total heat of I lln of satu- 
rated ^leaiii, the h»iit in at the tem|MTiitum of Haturiited steam, 

iilltl h thr hiMil Hi sMiU’f lit the frnl teinjsHiif UU’. 

WiiiUi I hr Hfejiin m r.:ti|«H'hrjifei| the faetor of eorreetion for (luidtiy of 

m 

ft. h 

it h' 

III wliirli if, fill* fiiliil hefif of I lie of MiijM'rheiitiai stimm of the (diM^rvecl 

tnfii|n*riiii4rr iifid 

r»roVi«|rti, a ettfiibinetl Isaler iwid »iinc*rlieiiter should 
Im I reiiti'il iit. utw Hint, imtl :h** eqiuviiliiit of the work tlone hy the iiu|M»r- 
lieiiter f4t*rtil«i inelmir*! m ih** eviijsirwtive work of the Imiler. 

Cli| f W'rrriiofi /r-jf *#r fhmrr (.Vni'ihir#liii?i, *l he f|uantity of 

liieiiiii ill* fMiivrr, if iiiivv for firtMiuiniig draft, ill jtaiitig fuel, or lading 
riiiiiliii.iitioie «h*.inld !«' diioriiiint^d mid rta’ordetl in the Table of Dato 
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and RcsuKh. There Hhould nlse Ih‘ n'cnnhul, hy Indtuv t fic* table, 

a atatement showing wh(‘lh(T or not a <h‘tluelion hnn !>efai tiuaie frtan the 
total evaporation for nlr'ani or pow<*r us(‘(l» inul if Hurh <iednc»t i(ai tia« lM»en 
made, the nu^tliod of eoinputing ii . 

(c) Equivaknt Enapomtion, O’he (‘(piivahmf (»vuporntit»n from ami at 212 deg. 

Fahr. is obtaiiuul by multiplying Hit* weiglit td vvub*r evnijunifed, «*orreete<l 
for inoisture in steam, by the “ faettu' ot evuptjrati«»n. I he latter etjualH 

H h 
1)70. r 

in which II and h are n^speetively the total lieat of siitnrnted nteam and 
of the [(‘odwater ent taring tlu^ boiIt*r. 

The “ factor of evaporation '* ami the ** factor of ciarocu ion for «piidity 
of Bteain ” may be combined intt» one expnwiou in the ea.He of rin|M*rhi‘ated 
steam as follows: 

Hr h 
1)70.4 * 

(d) Effinmcy. The ‘N'fheicmcy <»f !>oiler, ftirnace itml grate k the relation 
between the luMit ahsorhcHl |H*r pomitl of eoal im tired, and the eiitoritie 
value of I lb. of eotd an final. 

The effuncmey based on emubustible is the relation belwtaat tht' 
heat absorbed jn'r pound of e(»mlm^tible Imrned and the iadortfic vidtie 
of 1 11). of combustibb*. d’hi.s <*Kpn*s?iion of efheienr'v InmiHljerr an approx- 
imate moauH for comparing tiu* result h itf ddlVient te?i|H when the iosMes 
of unburned eoal dm' to grates, eleanings, etc,, are eluninafi’tb 

The “ combust i!>h' buriual is determined l*y sitbfrarting from thi' 
weight of coal HUp{)lied to tlu* hoih*r, the motHttne in flie coni, thi' weight 
of ash and \mburued coal withdrawn from th»^ ftirnace ami ii4\ pit, and the 
weight of (lust, soot, and ndusi*, if atiy, withdrautt from the fnls'w, flues, 
and comhustiou clmmiierH, inelmlingash earned awav m the ganes, %i any, 
determined from llie analys<*s <»f eoal anda«'dt.* I'he *’ ciunbustible ** 
used for determining (ht» cahwitic value is the wraglit of coal less the 
moisture and ash fourjd liy aualysis. 

The lu'at almorbed ” \m ptamd of eoal nr ciunbmuibic m cidculiifetl 
by multiplying thi‘ caiuivah'iit evatMirntion from and af 212 deg, |i«»r 
pound of eoal or eombust ibh' by DTP. 4. 

(e) llvai Hiilamr, A “heat hitlanee,” or npuroximaft' di^ilribuf ion ttf the 
calorific value of 1 Ih. of <lry coal among the la^verid itme^ of heal iifti* 
mod and htad- lost, should Ih^ obtnintHi m tmm*H where the flue gam’s Imxa* 
been aimlyr.ed aiul a complete itnalysiH made of the coal. 

The loss due to uahsture in the coal m found by mullipHiiig the totnl 
heat of I 11), of sU|K‘rlu*ate<l steam at the teisi|HU'ii!ure of tbc e»rii|iuig 
gases, calculated from llte tem|H‘raturt' of thr’iur in Iht* botler nsim, by llie 
proportion of moistun*, refernal to dry eoah 

The loss due to moisture formed by the burning of lixilioieii ih utif niiinl 
by multiplying tlu^ total heat of I lb. of su|ierheiitei| .niriim ml tiie teiii* 
of the (waplng gaw's, ealeulatert from tlir tmiin-mimr of the mr 
in the boiler room, by thci proimrtiou of the liytlrogtai* ileii-ritiuieil from 

*Tb caaea of high ratci of comhuatloa the ilefermlriitiitfi nf ilie rtifiiittwiilib 

burned may be subject to coasidemble error on twTtaiiii of itie pf riiplern. msit 

and unbuniod fuel which arc bkiwa to wa«tw. 
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tiu* iitinlyHiH <»C th<' tnuil, r«‘f<’rr<Ml to dry roul, {iiid ttuiliiplying the result 
by 9. 

dlH‘ i<»HH dtii* to h«*nt vnnivti away In ihv dry gascH is found by multi- 
plying thr woight of guH pea* piamd (»f dry tnnil by the elevation of tem- 
|M*rattire td the above the temiKa’uture of the boiler room, and by 

tla» f^preihe la^nt <»f the gaj>«*H (thUl). d’he w(‘ight of gas per pound of dry 
et»al ia obt aim'd by hndiug the weight of dry gas per pound of carbon 
burned, Uf^ing tlie furmtda 

lU’tb I HO {7frO I N) 

ad'tbK'u) 


m 


w 


in wliieh OOj, C’C h t b and X art* I'xprenmal in pereentages by volume, and 
inultsplying thm n-adt by the prtiportion borne by th(‘ earhon burned 
to the whoh' ainontu id tlry eoal an dett*rmiued from the reHulis of the 
nnnlyHiH id tht' i*o»l, ledp and r«duHi*. 

beta ibie to uieiitnplete eombtmtii»u id (*jirbon in found by first 
itldiuning tin* pri»por!ioh borne by tlie carbon montmidi^ in the gases to 
thi» ?ann *d the carbon naamside and enrlnm dioxi<h% and tlam multiply- 
ing the‘ |iroportton by lb«' pnt|Hirfa»n id earhon in thc‘ eoal minus the ear- 
boit hwl til tlje je.h and refuse, and finally multiplying tlu‘ product by 
ltbl»db ttlnelt Vi fhi* nuinl»i*r id beat uiuIh g<*ta*rated liy burning to carbon 
dioxale I lb, td {'iirbon eoniaiiie«l in earhon iii»na»\id<\ 

*rhe lofci ilnv to roinbu'^tible iimtter in tin' ai^h arul r(duH<‘ is found by 
luultiplvtng the proporlton that tlua etanbuatible beam to the whole 
amount of tli y »'ojil bv ila tadordie %*nha‘ |H*r pound. For most purposes 
it in aulficieiii to lecaiiia* the latter to U* bt,t»tKl li/lM-,, the same as that 
of earbiui. 

d‘hc lorn duf* to inoriture m the air is determiniHl by multiplying the 
wi'igh! of laich liiooture fw-r |*ouuii of dry eoid by th«* (‘hwation of tem- 
IK-ralure id flic llu«* gawm above the !ein|H’niture t»f ila* Imiler room and by 
tl 17. Hie %ic?gbf of inooifure 04 found by inultiplying the weight of air 
jrr pouial of ili v coil! bv the iimmiure in I lli. of air iliderinined from 
reipiuig'^^* of ibr* ttcf Jilt*! drv bulb fberiuouieter. 

f'liful ilrip ««/ f Vecdei.'jfiofi ti/ tUntt, hi/ Hie total ht*at id eomhus- 

fiori iiiaiiv roiiiputi*d froiii the refuills of the ultimate anidysw of using 
foriiiula 


tijmH ‘ i liijHtti 



I 


in ivliicli f*, IbCh and H refer fo the firtif«»rfiofis of cartam, hydrogen, 

liVVieli, rilei ^iillptoir r*“rU«‘cl|Vr|v 

/tir /f»i 'I'lie ippintiiv of aif usi'd luav l«» caleulfitiHl by the 

foriiiiilir 


of lot' iMitiud of 


lams 


III %%’liitdi X, i*t% Iiiai C'ft are the i^^rmitiiges of dry giw obtained by 

and 

roiiiiiln I'd Jiir |«'r |«»iind of eoiil --|*oiititl« air |»*r fMiiiiitl OXfl^sr cent 
f III ihr |^"r cell! nifUm III ref*iM% ndern*«l to etml). 

Tiic ratio of tlio air «up|»lv frt ihai I uetire! lenity m|uirtiii for complete 
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DATA AND UKSDLTS 

The data and resullH should !«♦ roporti'«! in nrfnrduiin* with flu» 
form prinkul below, adding lines for rlata iii»t pnn idetl fur, or oinittin^ 
those not recjuired, as may eonforin to the ohjorf in \ iow. 


(HAirr 

In triala having for an obj(*et the deterniinaf ion and eAiHoafion uf 
the complete I)oiler performance, <h<* entire |t»g o! ivndinKM aj|,| 
should be plotted on a chart and represented grapliicallv. 


TKSTH went on, AND 0 I t f:|j4 

Tests of boihw using oil (»r ga^ for fuel sloudd .-irrMrd uifli ihf 
here giveti, exct'ptiiig as ihtw are varieil to ti. t|ir pjiiiiiiilar 

(duiructeristics of the finT TIh‘ proj«T lejnph *»f te *i . witfi 
fuels ma,y be deitamiimsl by a c«»nsidera!ion of ilir piobiiM** enor > jiisil 
the degree of accuracy d(‘.dred» tin* imimnum din.ifioii Imi en.nruiiv 
tests being (ivt^ hours. With these fueh-^ the " " ineflu.d i,f 

ing and shipping is t'mfjloytn!. 

The talde of data anti rtwiltn Minmld confain items • hurMr'ffrr i'Virri:irt, 

ami l)unu*r, ((Unlity nn«l compoHifion of oil or lois. t»'i!i|«-r;Oiiie i,i mjI, iimd 
data regarding (he perfortimnee nf the H|*p;n.,die) ’ui|,|,h jui^ *!»' Iiirl* ^ 


DATA AND HKStd/rS tip PV Apt ip \ f i \ | I ps p* 

1. Test of. /I’o del ermine Tent l•on^im•leli| hv Poilrt Imjifrd .u 

2. Number and kind of boilers 

3. Kind of furnace*, 

4. (irate surface* (wait h leiigib ^ 

5. Wafer luait ing Hurfaciv 

6. Huperheating Hurfnee 

7. Total hc*at ing wtrface, .. 

d. Volume of eomlmstion spare U’i%u*rii .npi 

HurfatH*. 

e. Distance from center of grate to fi«*ioe^f mthin- 

ihimiitm, rlr 

a Date.. 

9. Dunition 

10, Kind and sige of eotd. „ 




IL Hteam pressure by gagt*., . . , , 

12. Teinperiiture of steiim, if suinTheiiteii 

13. TemfKirature of fwiilwaler entering l»oi|rr 

14. TemiKwiiim^ of twaplng mmm leiiving l«,ilrr 


fotitalrw til# |irliiflp»| jir-ia* «| ii.r 
A.S.M.E. CommlttiMi titi Power TPfit#. 


f»*i*l*t III ihr # 


i.n. 

0-1?. 

t S 


■1*^ ».#f Ilf tll« 



HCHLhiC lIvSl\S 


233 


i!e of draft hotworii diiiii|H‘r nnd hoi!«T. , 

. I hnit iii ftiriifiri* it 

\ Draft or tda.Hf iii iinh |nf o 

r of Wf‘athor 

. IVfoponiftirr of o\f«*riutl lur , Deg. 

, lVio|H"r»t ur«‘ of jiir orjtoniig |ut <*' 

, Uelfitivr h'Htoitltfy of air eiifermg nnh pit.. ** 

(Juitiitiif Sfiam 

’oitliiiio of lootr-.lurr ui afoaiu or degreoH of 

IVr e(‘nt or deg. 

;or of rorri'i’f loll for i.|tiiihly of atoimi 

V’o/iil iJittthiiiit’H 

t! winght of roal oh fio^d * Id). 

of ioMi*5liiro III t'oii! fiifd. Par (H‘)nt 

il wv-mhl t»f dry ront tir<*d. - . . . . . Lh. 

d .hmIi, riiiilo*r'i, nod idrvi I 

d eofiilar*»f }l»lo huriio'd '**1 Ifeio ‘i'di. , ............. ** 

lidiige of iifdi atiii in dry roid. IVr cent 

d Wrtgitt of i\ Jitter frd to itoilin* } ^ Lh, 

d \vid<"r «*ui|»onitrt|, ronoriod for quidity of atentn (Item 
■V Ilian I HI ............ Lb. 

'or of t’i aporatioii bir-ird on |oin|«’riduro of water entering 
dor. 

d oi|invjilont evaporiition fiom ninl at 'il2 ileg. (Item 2bX 
nnZii Lb. 

I/010/.7 nud UtttrH 

roid |*er Lb, 

coal |ii>r fool of graf*' ^infarr jwr hour. .......... 

rr «-vaj»oraf «'d iM'r ln»nf, rMHr.»i*'d for i|Uuiily of hteiim . ... ** 

nadoni e%'apoiiitii*ii i«*t .tioiir from and at ’il2 tleg, ** 

ividrfii t^^i'ii|touifioii |«-r liotir fioin and rd 'JPJ deg. iH^ratiuare 

it Ilf ttafi'r fp^lilig ** 

Iifiritliofi liMiir from niid ni ;!rideg (mmeiiM It«‘m*Ti). . I#h, 
Ifoitrr troi'»p* jtottrr iltem dl ] d4|l’- HI. ILP, 

:ai r‘ii|«ii*it v lioiii and 111 . did deg . . , . . Lli, 

Illltra.| Imiii'r Itof »»--|ioWrr BI. H.P. 

'etiliigp «4 iMiteil fii|«ir|tv di'Vr|«i|*ia| . , Per mit 

er l*i| |ii'i of » o-d ‘1’^ loi'd dteiii d/el-lfiiii III},, , . , Lb* 

i*t I’Uifw fa** d I** f |«eiiid m| tlrv eoid |{tem 'iH I Belli 21.)., , ■*'* 

tvalrnf r\ .ifioia! iMil itniii and at 212 deg j»i*r |«m«d of eoid 
lllrii dtrfii 2% ; If rill P* ■ ■ . ** 

Irllo ■ nfr*| ». lOftl ItirJudlllM Weight 

tm » -'i H. 4 i» 4 44 !# o i«« * oi »righi at ri»al oil fhe gmie at Uegimtlfig witl «aMl 

In iol an* )4 |4,|f Ih iit4# lot rlr, 

lr« ir4 1^4 ii»* 404 I 11 ^ »4 ft l*-orl «fp| ftlram pfemire ftl be«iniillil fttid eiitl. 

fsutdwiii I I • *»« ttt4iiii i liiia «f mm^ t«^ Mdwitttiteil for lh« 

Il I III » %4|«»s»i»on ai»*l at Jtl"- 
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APPKNDIX 


40. Equivalent evaporation from and at 212 <leg. per pound td dry 

coal (Item 2H4»Item 21). Lb. 

41. Equivalent evaporalioii from and at 212 ileg. |ht pound of roni- 

buBtible (Item 28 -i- 1 (cm 28). ..... 


h'jjlrirnvtj 

42. Calorifie valin^ of I 11>. of dry nml by calorim«‘t<T 

a, ( 'aloritie valuta of 1 lb. dry coal by aimly-NC’i. 

43. Calorifa^ value of 1 lb. of comlmatibh' by cidfU’imefer , 

a. C Calorifie vahui (d 1 Ib. combtiatiblc by amily?aH 

44. Efiicieney of hoik'r, furmu’c and grate, 


HK)X 


Item 10^* 070.4 
Item 12 


liT.ii. 
« « 


45. Efficiency baaed on combuHtible. 


I(H)X 


Item nypTtM 
Item Id 


Vont of KvniHknifMH 

46. Coat of coal jmt ton of , . , potnida delivereil ui boiler r<»oin , Dnllara 

47. Coat of coal rtajtnnHl for evaporntitm tt««i lb of ujifer tindiT 

obaerved conditiima. . . , ** 

48. Coat of coal rc<juircd Cor cvniMUntmg UHHt lb of watm Irtuii 

and at 212 deg. , ** 

Smtikv thiUi 

49. Percentage of amokt' aa tdiwTved. Per ermt 


Firing IhiUi 

50. Kind of firing, whetluT apreiulmg, sillermde, or ct*kiiig 

c. Averagt' interval between timeH of leveling or breaking up, 

5L AtudyHiH of dry gaaim liy volume: 

«. Carbon dioxali' ■ Per ern! 

Ih Oxygen (O). , , ** 

c. Carlion monoxide (t *C), *« 

d. Hydrogen and hydroeitrl«m« *• 

c. Nitrogen, by diflerenee fX I *• 

62. Proximutfl nnnlywH ..f i-unl X. I iif.l . 1 . ( ,.„i ( 

i 

а, Moiatun* 1 

Ih Volatib^ matter ► 

c. Fixed earlam ^ 

d, Aah i 

J ! tmi*, I imi'; 

б. Sulpliur, mqmrably delentdiiial , , , 

If the ealorltle valiw Is im Iti. of tml **m rirefi" iiiw- 

Item 20) +100. “ ' 
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I ffrniml lliiit llir In* i»n rt»ill *’ HH firinl,” Of OH 

tii#- ifrii4-t III ihr lift* itnillipIiiHi by tiia 

ii'ill I Ilii Ifriii ’ ; IfUl roiil " nn Jirr«l,’* i»f by tIMI ( I(K) «• 
r ri’lll I ^l♦r " r'iiiiibtiiif ll.|r 

I * 14 1 \ * I r •% I I -t i t .1 -wu 1 1 }, r-i I ' y r.H t ir I U II tmi 7mr 


;|tr fiiirliir-r t HtJ.ft. 

lili lifjit ilip* Wiiflrirr , . ** 

Ir . 

Hr. 

:|4 4li4 'ti ?*- « ’‘ill 

|4I44 I*!* I*"!* Lb, 

iii|»' 1 .1? ns # »4 b*4«4i«*f l«i*iirr Dt'g. 

iii **r iininU^r *4 4rtfrrrM i»f mn«*r- 

rjiiiiin ..... Pf^r mit 

cir «k*g. 

rri'||!||^r iif IfiMrilliir ill rr»nl Pw Wnt 

V t***j»l |«‘'f liMi|i ... ...... Lb. 

y uml I^f n«- *if grill*’ Btirfw* |»»’r iiMiir. 
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APPENDIX 


14. Rated capacity per hour, fnuu and ni 212 di% . L!i. 

15. Perexmtapie of ratetl (nipaeity <h‘V<'It»ped Pit eiait 


16. Equivalent evaporation from and at 212 di'g. |ht |»«»tiiid of tiry 

coal ■ • . ■ 

17. Equivahnit evaptaatiou from and at 212 fior pmmd of rum- 

bustihle 

18. Calorific value of 1 Ih. of dry eon 1 by ndonmiin B.T.U. 

10. Calorific value of I Ih. of eomhuHlihle by eidoiimefiT 

20. Efliciency of boiler, furtuice, and i^rnto, 


imix 


Item in V OTP I 
Item IK 


Pit rent: 


21. Efficiency based on eombuHtible, 


imix 


Item ITvoTP t 
Item 10 


P«*r eetit, 


mTu.\ONotm i‘oAi. 

Bituminous coals in the East tTit »Ktntes tuny icraded nnd sifiiai m fol- 
lows: 

{A) liun of mine eonl; the unsemuted etud inkeu lioiu the lome. 

(R) Lump coal; that whieh over n bar mTirn wOh o|»emii|cii I b| in. 
wide. 

(C) Nut coal, that whieh panniH thrmiah n bjir-Hnern wtfli CiOfi, ofMTi- 
ingH ami over out' with ‘* 4 dm o|M’niuRH. 

(/>) Slack eiml; that whieli pimea ihrouich ii bar '■setei’o uitli 
openiuKs. 

BituminoUH coals in the Western States iieiy Is' rrraded and nsurd a,'» 

(A’) Run of mini* eoid; the mHenami^l eoal taken from the tome, 

(F) Lump i'oal; <hvide<l mio tbm,, dan. nnd biioi*, areoidiiiii to 

the diameter of tlui eireulnr o|a*niii|i:s over wlneft the re’qii'*<TiV«" pm^-; 

also 0 by 8 lump ami 8 by I *4 hnttp, iii'tairdmu ih*^ roiil ftnivir?} iliroiigh n 
circular opening having the dymieier of the larger tiptoe nml over lliitf of 
the smaller diamt*(er. 

((/) Nuteoal; di'vdiledintodam Hteiim mtf, mhirli thiHiigli liiinpoi* 

ing 8 in. diainider ami over Ibi nr; D* m tail. 4%loelt ibtuupii » Di -ifi, 

diamc'ter oocning and over a ^ 4011 , diameter ojsminM, %in not, wtueli 
through a lidn, diameter opening and over a m 

(//) Beret'iiings; that which tiirotigh a D-i oe de.ioeTr-r riiaaiiiig. 

(!) Washed siges; tiiom^ passing through or lln' rirniliir o|wTiiitp iif 
th© following diameters, in inches ; 


Kumlitr. 

llifiwigti, 


1 

:§ 


2 

p, 

IS 

:i 

1 '. 


4 


>4 

B 

a 



>*‘TWs ami the fonfiwlfif two sfHHe« are r*tnilHi»«l fmiti il-m of lilt 

UoIUt Tept Code of IIUA, 



lioiLHH ^ri«;srs 
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wvHNAvr, r:m(*iKNrY 

Afti'itif^fH li.nvi* Iwf’it iiintir |m thr* c‘flic‘ioncy of boiler, 

lOid fj'.i'Ht** iot»» Iwm |»nrt's vi/.,, id!ifHiH\v diit^ to ludler alone, and 
dll** f«» ^^n*'hn|}ii|^, ptntvi^ laif thon* in im ii| 4 rt‘einc*nt iih to tho 

r\jM*i liip* of Im hi- u-i-d in w‘|fHraiing nut* from the other. 

Hif' liriii rhiUfN-ibl** t*t ilir liioijo iu*<* dc*iirly thoHe designated 

(I, li, e ami d in Ha- lea : 

in Hir- do** ii* iinbunird mihd had dropping through the grates or 
\uthdinwn lomi thr tiiifmrr, uududiug ihr Holid eomlmstilile matter 

111 thr f'lialrr-'n nirnrh"*, Ihir dtea, liiv 
li, diia Im shr< pi«idnr!iuii i4 ( 'n imaoini of (’(ti, 

r do*' to *4 liidturnrtl vofniilo liydronirhonH. 

fh laa'Hi dor Ut lie- rMinbinatioii of nirhoii and inoiHfuro and production 
*4 h\d'o*gr'n il.\ ftii* inirlton t * I lid > ■ C H) 21 1) when fresh 

rM;d V' ihi»o\ii on a |n*d t»f whifn hot eokin 

d1io ri’inmnitig hr;o Imn-hom, ulorh aro fhoM’ diu* to heat carried away by the 
inr iitid iiioi'if *ir*" in thr »-•:'* upmg hif:n fiom rndiiition, and losses imac- 

foliiilrd lot, i-**" djiid»-4 gnrn U-|»ov m lltaiisr to J. 

r, rnilan«'ing »‘V;ipi»ra!iiin of inoistun* anti heating of 

fiiriitii imior'd hi /'jj 'fV'**''trtn|it*riiturt* eom*s|s)iuiing to boiler 

pli'nisUI*" ! 

I M in ?oi 

in *’«>id. 

:i dw* to bnining «d hydrogen iti the fuel, 

/. Moiftfiire rMinnfiiig m fiio ftirflier heiitirig of steam of Item 3 

Iroin Tr fV i --t«*m|»eriiinre of escaping giimts). 

I MorOnr*- in rawt 
;? \|»>*rOnr»' in '.iO 

.1 .*\b «ifji m*' dm'- ||. 

I *Vlm*H Ur;%l lor nypplv 

I Ifriil-rd to r,. 
d Ib'iOrd Ifolo Tf 

If. t\\rrm mt ‘';n|»|4ii h in.n4- . 

I lir'.ifrd f'M r. 

'J Hr^ii’d Ifolo io T-t 

i. Ititilijitp<ii 

1, I file to 

2, t itle !o 

j. I blftrr'oiltstrd tof 

I I I'nr !* ♦ ftif 

;!, Iltir Im b**d*'t 

l» Itn^ t« <n )). .< l<«»- I"’ kmiihh! nntl npiwrtioMd a* 

flllloilfi 

I * \r i r-. i r| 

I -Intn-oi — n ■» * e -i »l Mi t /d 

II -d«nh I h * h * m ^ i Afbii+^ii; 
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in which case the indivichial effieieiirieH nn* 
Maxiinuni theoretical ef!t<*ic*ney 

Furnace (dlieicncy 

Boih'r tdlicienry 

Combined efficiency of boiler, furnace ami 


ItH'l- !\ 
tIMI ' 

\m 

urn r • 
m\ ii" i F * 

KMI sT' I F| ' 

\m tr f F I in 


These formuhe clc^ not, however, ftirnedi a uiet bod mC deh-rnnnifig fh** ifim 
individual etliciencicH denired, Iwm'humc it im iiu|toH,u|!«ir doti-riniin-' item tl, 
and impracticable to obtnitt Item e with the Mjei-fe^Uing npiiieinreH ordii}firtl,v 
available. It is impowible nlH<» to separate the e, liiid at ftibtiird to the 

furnatHs front the boiler Iohhch alone ihie to rmhation jind ilne'.e liniirroimied 
for. 

Another miggention is to transfer the vwvm mt h, u* lU'oup id fur- 
nace loHHeH F; but thin nmki'*H thi* unifier even wome, a-i the furnnee 

efficiency in then de|H*ndtmt on the steam prrHsuie m f|ir wlindi ih u 

matter fort‘ifi:n to any furnace eomhtmn. It furfli»*r nvnimi-? liiaf iIp^ flur 
gaHCS cannot Iw etaded Indow the lem|«'ra«tire due tu liie pre-vnure, ttliteh 
although true for ttmny tyiiea of Uiiler, is n«*f m %%hrtv the ronfra- 
flow principit' in uwal. 

A third mtdhod suggested m it* inelude among fh*^ hod«*r Im.;;,*-., jilf 
which have Ikhui claamHl iw uniivonlahle aUive. fly Ihm ineiliod the furmire 
efficitmey in 

|{«i F 
ItHt ' 

and tlut boiler eilcienry 

Um I /I i Fi 
ibil F 

If jt is desimlile to divid*‘ the comhmrtl efhrrfirv U*fttr*-f 4 nini fur- 

nace in Borne wieh nniimer m tinw PtiggrMfrth the iortie«l .4 divisiMii rm=.- 
ployed should Im chairly st tiled. 

C 4 ht’«u.ATioiv or miAT tiAUASvi; nm tim 

The folltm’iitf mcnmple sIiow'h the ineih*«i u* im rmi^hnnl m rvmiimHtm 

the various (|Uimtiues in the heat lid 4** 

, /iafri.s-^KcutiidiituniinouM coal, ernt nio»niur«% |«*r rr-tii i^-r 

m|l comlawtihle, m mil i \ 4 |«u- cent li. a im-t mti ii | m 

- 

‘ li'iVlh iK^r iKtund eiimhm,fihle r.ml im lifeii, 

14»22t). Ash iiiid refits** by i«tiier im, |:i |,«-t trtrtu^4 f*i rmti 
iw final, the hi |M*r eeiit- is»li ami rrlu?»’ in ii.-R.nit!iif-d in rfinimn 
the B |il*r cent of iu%ti shown liy the auiih sifi ami ili*« /, rrni nf 
eofnbtmtihle. 

Kfliciency of Imiler, hmmn\ wnd gmir, hmm%l nn r-oul ii.i, lirrd, 7fl 
p(».raii)it. 
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iiii.4 iiiiiilvHiM ihiit 11*. »)f liir k per pound of C 

IniriP'd. Hiid i\ IK% Itr *»f (’ %%n^ UurniHi to ('() jior pound of 

of rnfUHit hnno'd 

I'lir iiif I'j .nii|»|»li**«| ni *J;? ih%. F,, »nd onntniiwO.d'i Ih. of water vapor 
l«.i' “f drv nir rolativo humidity). Flue gm 

tr‘io|»«o';ifut*‘ <h'K. F 

Wiiir-r nut! iii -IV? ih-g |w«r i‘tiul an fired 10,258; dry 

ruiil to lf«V. *'‘»i<dai‘Ud4r 

If fiiid m n'h uud irlte^o ta mi flir riimlniHtililo of the original eoal, 

I .o il.ko tir rarFMii .d'’ ii fp-af mg ^ pUip i 4 I WVM \m pound, tfum the hmt 
t ! f . i» iih V ! 7:ui mHioad of 7 \m IVVM I1ia heating value 

w . -x.t.n.t.M. -i l«, (^l,220-7:U)) ^()y,-15.8TO 

i i i V. HiMi 11iP t»ptr«u»tagr Ui fho \mi eoluum would Iw ehanged 

Hi.. .. V .!( n... 1....I. V H..1 furimn- w.ml.l Im {H,7U^ 
T'l ■ * >' i“ ' “* ' * ' '** ' Kilt t, \ f 

. iL* mviuiittrr^ givr-ii m ihr lit 'U rMluum, wlurit lire InuttHl on mal an (m^d. 

'll • Id. -. 11> ' • • •""> 

frtmi Hi «!.. iif ' . -luio'i '•> 'iiH.iiiw t >•>' 


'tv ilr'Ogti’.itrd 

P*|«itf, nipir'l Itt'IO :»-♦ 


tiii : 
lott 


-It ‘IS 


ih^mv givrn m tht' lidmlar form of the 
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I iirU I 
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DETFiltttININti TIIK MOinTFUK IN FilAI, 

Until racontly two mothodH of <1«^ti‘rnnrutj|c inni-^fiin^ m l•nnl liiivi’ in 
comnum uho: llrni, tin* «mt* in^tinilv in lunirr fr-.f{ni'. ttiitrli rinisintH 

in drying a large Hmnple, an 1\k nr iiiMir. m n diidlMW fun iiliirnl itver the 
boiler or Hue; wa'ond, Oa* naHltiHl u-ainflv fMihmrd hv rlmiie.tM, i.f drying 
a 1-grain nainple of putvorij?.fd nud af th-g. bol-n , mi ;;i alHive, lor 

an hour, or until eonatnut weight h tibtauanl ntrilanl, mv linblo t,» 

large errorn. In tin* firat met Inal, th«* letniH-f.'ifiuo at wbirb iho drying inkv^ 
place ia uncertain, and tlnui* is no ineanN of kinoung nhs-ibri ihr trm|«'riiture 
obtained in Huflicient to drive otf the nnn'Utir** ihnf r- hr Id h%- rri|al!ary lorrr or 
other attraetion within the lumps of eoal, uhieh. at |r,i-a m novo of bituifiiiiuiis 
coals HeeiUH to he an porcius ns Wisai, an«l a:* eapaM*- of ub- tolaiig itioinfure front 
the atmosphere. The aeeoini metln»d e* liable to gr‘'a?ri riroU'i in mtfnpltiig 
than the first, and during the piorrM,H of hor rimhmg and pH’>:'aiig throiigli 
sieves, a conHiderable portion of tin’ mor^tutr e^ apt to br fmiovr-d b\ 
drying. In an extensive aeries of boiha n nsolr b;^, iho wiiier m the 
summer of IHUH, it heeame neeeMsary to Imd n-ioie •M-iiiiaie inriiiei of deternaii- 
ing moisttire tlurn eitlnT of tln»se above dr-anbed It was bv rr*|ii'fifed 

heating at gruduaily inereasing fe-mj^’ratnirs ;d;* up to etini^deg, or twrr. 
and weigliing id intervalH of an hour or more, tlmt iIp- nrjghi of eoiil eonsm- 
ually decreased until it- became nearly eonHiatil, and then ;i \ ft\ -dtifltt itierea’a* 
took place, which increase heeame greater on fnrtlc-r r*-|»*-afrii heaiitig'i to 
temtmrat.umH above 250 deg, It has often bem -.tidial i|s;i! ii roid n hi-iied 
above 212 deg. Fahr., volatile matter wdl be driven off. bnf ie|triiied 
on Hcventecn tlifferent varh'tieH of eon! mined m ue-eersi i’eiui'n Iviump '(fliii*. 
Indiana, Illinow, and KenttnTy invermblv showed n gradti.-d drs-regse of 
weight to a minimum, followeil by the meresse. lis ?i!afed id»ov«% imd m no 
single cane was there any |n’reeptible oiior or «ul»er iiidie'jiiinfi «»f volaiilr 
matter passing off U'low a tem|H*ratnre t4 Moti i|rg The i-irf ihfii no vohi- 
tile matter was given oil sxm further prtivr»| tty heHtmg the m a ghvMi* 
retort and catching tht^ vapor driven lUi ni ii boiile Idled widi ttnier jiinl 
inverted in a basin; the air displaced from the rriott bv evp'-Ui-iMii slyr lo ifin 
heating dintilaeing the water in the bottle. When the reimi eMo|»*d, 

after being heated ttrU5d tfeg. in an *»il loiiln the mr ilne^ r%|emdr'd ri*ntriiiie»h 
and returned from (he bottle to ifie retott^ leaving the bf^fd*" foil ed waiety 
as at the beginning iT the heal mg, rdiowing that no toot been given «*lb 
exca^pt possilily such ex«'eeflingly einali amoiini be filtnoriirtl by 

the water, The methiMl ilescril»ed in SNs’riion W of ihr iep,.r!t ihrn 
adopted a» the la^at available meflpwl <4 diUrrnamng the iti iliem* 

coala. It'H ac4itjrimy was fnrtlier rheeked hy oHi*«r nmt|ewi-i | 

The ntw methial tif drying and its resnlta wne bv ifie 

to Prof. It. (h CJiiriHUiter of <*otiiell Iduverfnty, ?tlioiih aftet thri une made 
and he thereupon In^gim ex|«’rimenling WiiH the aiei inlH roniiiined 

*Th!i awl follewinif artliirM are friim itie ni^u*’4 e?* n* i!,r « m*!*- of 

ftemewhii.t abrldgwh ‘Hw inuittb me of |$ Osniufs, i » #i«| 

William liiifit. 

t The Baitw mellawl In iwHitiinewiinl in i.iw'i of is.r. i 1 1 f>i i 

In 1915. 

$ For icicnttlle Invcillifftllmw in wliieh k 1 r'iit *4 ii,r 

would iufgwt that the coal Iw drii^l in mi mI iOio*ir*o 

tlon, and that the niotetiifii driven oft tie aliwunwi iii- * »*j « 4l< Oj4 I t? i 

The lOM of weight hy the rnal alnuiid iniimi li-ae nf i>> \hr - vom j.i* »4f iiil* 

cium if no volatile in&ttcr l« «l riven till. 
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the vvnd'r' 1 .-.m. hi 1.11 In .1 1 . li. r May Is, 1 ,S!I 7 , luimys- " Wp havp 

IVPHIWII*.-.! II..- ui.mm.i..' .ji..- i„ „ 11 1 hPHiuupipH tested, somo 

(,v.. ». ..iMiiU . i!.. ,. P, ...,.,.,..,.,nhl,. Un !H.t,vi...u tcaiimratures 
III li a ! Ill- l<- 1. 1 .- .:, ilmi, i,tirni(!iii.H(if\vt‘igliin)i;.’' In his 


iliWJ 
ftiur «»r 

.111 Hull. 111 . In. III ( im.M.iiiial nl. Urn Hartford 

nirrfiiiM ii 'ij;-.. v»»l wm. p. MW), !»«• hhv.m: 

- With III*' uu m,um\dv hm of woight due to 

dnving till tUv •iMlaid.* nuiht n ftiniH^mture of m) deg. Fahr,, 

itiifl Willi nil no'ihno ill* ihi'ir iu oo itrimihlo jiinn imder a teimHirature of 
Fnlir/* ^ 


ill- n.uMi\ Mias nr Tin: %mumnm m rm mEm 

11ii’ llirolfltiu? -Mi-mu rnl.uifoofr-r,* fifHf doiwliod !iy ProfoBaor Peabody 
in I rjitr< A \l I . . \*>l .i:W nud uh nioilifiratioiw by Mr. BarruH, 

vo|. \t, i m| iMid by Pi of !*;.«?« if (’ar{H*nter» vol, xii 

|iiigo h'iib 5il’’o tbo i.-o ;s! Hit* »'sd* H iifir'ir! dohiiiijiod I * v ProfoH.Mor ( *nr|Muiter, 
Vol wii, img*' iiOH, H bo h iir;t I .nfo i}’;n'| !o dViofioiuo fbo nuiinturti 

ififi, III ii .'HOidl '‘siuonb' of 'iftaio fjlo'K li'onn flit* Hf i*Hni*pi|io, give n*KultH, 

ttlirn |tro|«*ilv b-tiidlr4. wliuh oruv b*- :oTr|i!r*| m arrumte within 0.5 jht 
rrni 4hn-. ftoi rr-ui l.vn^r r-to|oio -4 mo tb*- fMiid i|ititnfify of theHtiiirn) for tho 
miiiblo labi'ii 1 lo' |«rvoM*- ru.o m! ii o |t*<r «-ritf iH tho aggregate of the prob- 
able error of rat^iol ood t.4 ib«- eitorf'i ilue to jiiiimiraey of the 

|ire..*ii-aiir oiel I le-iao< o, and, m the raw* of the throtr 

llllig «*4llot liipiriM 1.4 lb»' |i^*:vubb" nf I f jo tigUn* Ibltl for the BJHHaflC 

linii Ilf .40i|i«'i lir iirrjf -fr.oo. V, bi.'li O’.fd 01 t*oio|iii! jug the rt*,HuItH. It is, 
lioni'rri", bi ie» for-.ur‘ »« ir;u!i fb.H ?b«- 5!;oo|»l»* rt^tienenl H t he livefage (juallty 
Ilf tlir Hi i!»*- |n|*i .Iimoi wbeli launple tn taken. The praetieai im- 

|ifi4,«il,i|lif \ of k:.lo.;uois:iy .;U » naoiple. eH|«‘eiiilly when the tMTceiitllgtS 

of iiioi'U iif«’ 4 |«-t iroi, r; Rieoiti m ifie uvo |iiii|a*ra by Professor 

Jjirriliipi Hi ‘I r;OeMO \%i, pagt h 1|H. bl|7. 

Ill Uinlnui !b*' iado4.'v*v m| le*fi/«»n!al ehrll and of witferdiitie boilers, 
III ttbirli ileo* If -.i I'.ogr jeiifiu'e* %Ut**n tlie wjiter-ievel is earricici 

lit leiwf ill Hi I * ‘e.w ibr |r- 4 «| ,4 I br Mruiu oOllrf, |||}d W heii I llO WlltiT k IlOt 

♦ tf a « li.o o'li't e* * .iOl'H- rind uhru m fbe eiw* of wiiter-tiii«i boilers 

llie mo»|» ' Of |4iM-^’d II* fbr- Ir-.o id dir tniddlr of ihr length of the Watcir- 

diitni, tie' of iOMifUiifr jfi the fifeiifii rarely, if ever, exmTda 

7 |»* i Mill. I HI 5:orb #' ;voo*s ;* -iUiud*' liikrii ttitli file |irin’iiii!ionM s|ii*t*ified 
ill ibr f .^dr 1 f <--.orfidr o-d Ot } m- all iir-* yrafe iiVera||e wilii|ile of the iteillli 
liitiinlHd bi da I -ilrf, j-iiid ii?5 of itioi»fnre ita cJeleriiiit4ed by the 

tlttoi!|iS 4 t of -i'l u.ding rs*b,t4n-*'0't inn% le roinsnlrfed ii#i fieeuratAi witlutt 

• I y» I* 'I «*. j, rirj iia«<f ,,ri sj.r, f«ri iti«i sinifi ririlglfilag a imaJI 

|4f., ^ I i MV .:f 1.) i8n4 wi|«inrriiri| t« II friiifiemtiirfi abovi 

iij*i Im * n < !;.o* 3 . 4 tr It of ^ . iif. lliilflii fonialn- 

ifj|? ft - ft .11 ■». J r i» « iiis» flakier nr if-tek with 

tf I « Ir. d n *o <%rt I iir. ftuiu liir »iiiri|illl!|f |i||» pmmm ttiWltigh 

rf 4 « iJli'M <4 a . .*a « jra- 1'4 roir.i ^iii? m inrfriitv «o 4 i Will llierinoiaetw. 
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of 1 per cent. For scientific rcvsean^h, and iii all easels in whlvh thc^n^ in rea- 
son to suspect that the nioist.ure may exetHal 2 p(T ecait, a Hltnun w^parator 
should be placed in the steam-pipe, as n<‘ur to th(‘ stc^nm (»ut let of tlie boiler 
as convenient, well covered witli feltinji:, all the sh'nm made by the boiler 
passing through it, and all the moist un* caught by it candidly wm'ghiHl after 
being cooled. A conveni(‘nt method of obtaining tiu* wcaght of the drip 
from the separator is to discharge it through a trip into a. liarind of <‘(dil wati'r 
standing on a platform scale. A thrott ling or a w^parafing calorinudtT should 
be placed in the steam-i)ipe, just beyond th(‘ steam scparat<u\ for (he purpose 
of determining, by the sampling method, th<^ small |wTct*ntagt‘ of moisture 
which may still be in the steam after passing thnaigh tlie separator. 

The formula for calculating the percentage of moisture when the throttling 
calorimeter is used is the following: 


lOOX 


ir-^h 


L 


in which ta ^percentage of moisture in (lie steam, 11 total heat , and L Intent 
heat per pound of steam at the pressure in the steam |np«% h total heat per 
pound of steam at. the pnmire in the disidiarge r4i{ir of (lie ealorinader, A* * 
specific heat of superlu^ati'd stiMirn, 7’ tem|M‘rature uf the tlirottle and su|H*r« 
heated steam in tlu^ calorimet(‘r, and / tem|wTatur<‘ due to tln^ priwim* in the 
discharge side of the ealorimeter, 212 deg. Kahr., at atmospheric pnwurt^ 
Taking A;«().4d and t - 212, tlie formula reduces to 

1 nn V t ^ - 2 1 2) 

1C™ 100 X 

W. It. 


KFFUUKNeY OF TUK nulUKU 


The efficiency of th(^ boiler, not including the gratt^ for the efiietencv haml 
upon combustible) is a mori’ accurnti' measun’ i»f companson of ilifTtwrit 
boilers tluin the (dlicitmcy inchaling tfie grate (or tin* effirinicy f»iiM*d uism 
coal); for th(' latter is subji‘ct to a numi»er of variable (’onditions, such an 
siy.e and character of the coal, air-spaces Isiween the grated»ars, skill of 
the fireman in saving coal from falling thmugh tlie grate, etc, It is, moreover, 
subje.et to errors of sampling the coal for drying and for analy.'^is, which idlect 
the result to a greater di‘gree than they do the effiiacncy laosed upiin etmibiw- 
tible, for the riatson (hat tin* healing value iwr pound of eombu«f ible of any 
sample selected from a given lot, such as a enr-foad of coal m pnieticidly k 
constant (juantity and is i;i(h‘{Hmdent of the iw^rcenfage *»f tmnntmv mid ksli 
in^the samtile; while the sample it.self, upon the heating vjdue of wlueli the 
efficiency based on coal is calculated, may thiler in its perrmfiige of 
and ash and from the averagi* I'oal use*! in tht' boiler tent . 

When the object of a boilerd.est is to detiuinim* its elTirii^iicy im mi 
absorber of heat, or to compare it with other boilers, tin* effieiency i*ii«al iiti 
combustible is the one whieh should uwal, but ulieii the objeet'of the tr«t 
is to determine tlie elheieiiey of tlu^ eombination of the boiler, llie hmmm, 
and the gmte, the csflicien<‘y based on coal must in c*esH«niy lie umnl 

w,. E. 


fiAMFUNU Whm C1AWEH 


Very great diveraities in tin* mm\HmitUm of flue gases nffiui tmm In tlia 
same flue at the same timm Tu obtiun a fair siiiii|ile, it |iii« bi-iut fiiiiiiil muf- 
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ficient to have one orifice to draw off gases through for each 25 sq.in. of cross- 
section of flue. The pipes must be of equal diameter and of equal length. 
Onc-quarter-in. gas pipes, all alike at the ends, and of equal lengths, answer 
well. Similar steel tubes will be still better (because smoother and more 
uniform). These should be secured in a box of block of galvanized sheet 
iron, equal in thickness to one course of brick, in such a manner that the 
open ends may be evenly distributed over the area of the flue A (Fig. 65), 
and their other open enclosed in the receiver B. If the flue gases be drawn off 
from the receiver B by four tubes, CC, into a mixing-box D beneath, about 
3-in. cube, a good mixture can be obtained. Two such samplers,” one 
above the other a foot apart, in the same flue, will furnish samples of gases 
which show by analysis the same composition. 

j. c. H. 


STAllTING AND STOPPING A TEST 

A special caution is needed against a modification of the “alternate” 
method,* which has l)een adopted by some testing engineers within the past 
few years. It consists in taking the starting and the stopping times each at a 
time subsequent to the cleaning, say after 400 lb. of coal has been fired since 
the cleaning. There are two sources of serious error in this method, one 
causing an incorrect measurement of the coal, the other an incorrect measure- 
ment of the water. Suppose 200 lb. of hot coke are left on the grate at the 
end of (leaning and 400 lb. of fresh coal are added by the end of, say, half 
an hour after cleaning. If the coal left at the end of the cleaning, and the 
boiler walls also, are very hot, and the coal is liighly volatile and dry and the 
pieces of s\ic.h size as not to <‘-hokc the air-supply, the fire may burn so briskly 
that at th(^ (md of the half-hour the fuel-value of the partly-burned coal left 
out of the total 600 lb. is equivalent only to 200 lb. of coal. If, on the con- 
trary, the hot coke on the grates at the end of the cleaning, and the boiler 
walls, are considerably cookul, if the fresh coal fired is moist and of small size, 
such Jis t.h(^ shu^k of run-of-minc bituminous coal, which is often found in one 
portion of a pile in great(T quantity than in another, the fire during the half- 
ho\ir may burn so sluggishly that the coal and coke on the grate at the end of 
the half-hour may have a fuel- value ccpial to 400 lb. of coal. If, in this case, 
it is uHHunuHl that the q\iantity and condition of the coal at the end of the 
half-hour aftc^r cleaning are the same at the starting and stopping time; 
and, if the fin's burned Ijriskly during the half-hour before starting and slowly 
during the half-hour l)efore stopping, the boiler will be charged with more 
coal than was actually burned. If, on the contrary, the coal burns away 
more slowly during tlie half-hour after the cleaning before the starting time 
and rnon^ rapidly during the half-hour before the end of the test, the boiler 
is not charg(Hl \vith as much coal as wiis actually burned. 

The error in watevr-nKUisurement is due to the fact that the condition of 
the fire, and c‘.Hpec*ially the (luantity of flaming gases arising from it, influences 
the height of the wal('r-lcw(d. A bright hot fire, or a fire with an abundance 
of burning g^ls proceeding from it, caustes the water-level to rise; while any- 
thing that (iools the furnace, such tis freshly-fired coal, an open fire-door, or a 
elieck to the draft, causes the water-level to fall. A rise or a fall of several 

* The “ aUaraatc ** method of the Code of 1899 ia the standard method of the Code 
of 1915. 'rhe old standard method, which consisted in starting with a wood fire 
and stopping by burnlrig down and withdrawing all ash and unburned coal from the 

grate, ia now abandoned. 
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inches in a few Bcconds frequently occurs, when hitumirHuis coal in uhc^U. If 
the water-level is noted at thc' siartiiifi; of llu‘ lest , when il is raistnl by a bright 
fire, and at the end of a test, whtai it is (le|m‘ss(‘d l>y llu' stoj tpaj^e of violent 
ebullition or of rapid circulation, due to tht‘ cooling of flu* fir(% tiu* btnler will 
be credited with more water tlian was really evajJorafcHl and r/Vc irrstt. 

The only corre<^t times to be noted as tlu' starting and llu* stopping tinu's 
are when the smallest amount of find is on tl»‘ grat(‘ and wlam it is in tiu* most 
burnod-oiit condition; that is, just befort^ tiring fn‘sh coal aftm* cleaning, and 
when the water-levcd is in its most tjuiid. condition ami tlu‘ l«‘a:il raised l>y tdad- 
lition. The furnacc-door Inis then Ixam k(‘pt opon for sonn* (imc tor fhaining 
and the furnace therefore is in its cooh'st state, 'bhis ronduion of fire ami of 
water-level can be dupli(‘atc'd immediattdy after (’leaning the tin*; but thi’n* is 
no certainty of duplication of any condition when (laae m a bright fin' and 
consequent rajiid stiMuning. 

These statenumts an^ not basial up<»n theoreiieid emi •ideralions, l»ui jire tlm 
results of many expcrimtaits nunh^ by the writer !«» defrrninie the best starting 
and Htopi)ing times. In a h'mg series of tests witli bilunumtus eoids no less 
than six ditTerent tinu's W(‘re n'corded ns starling tinu’s ami us many iiH 
stopping times, and tlu^ coal apparently used and tla* water appurtmfly 
ovaporabnl nauirded and ealeulateil for eneh. 'fhese limes w«‘re: .1, befim^ 
opening the first or right-hand <ioor to clean tla* tire; /f afh’r cleaning the first 
half of the furmu^e and just before liring'fn’sh c*tal; (\ after eleaning the secoml 
half of the furnacie I), after 2tM) lb. of fresh e»(al had been tired; A', after -HK) 
11).; F, after (>0l) 1!>. By plotting the apparent water evaporation lietween 
A and /t/, both for starting and for stopping times, it was seen that tlierc was 
nearly always an a|)parcnt negntivt* evaporation f>efween /» and /^, and aona^- 
times between H and f' ami bidwt^cui li and A*, due t(t tlie eorreetion for 
heiglit of ohsmwiHl water-level, tin' lev<d rising rapidh, being mueh greater 
than the water fed by tla* pump, 'fhen* was often no aimilaiitv of npiH’ar* 
anco of the plottial diagrums between .1 and F at tfie beginning and at the 
end of tlie same test. The possible errm- of wafeMneasuren • nf dm‘ to taking 
A, D, Ak or F as tla^ starting tiim* was .s«»mei imes as mueh m lb. of wmter, 
or about 3 per emit of tht* whole amount evap«irated in a fm laair feat. The 
record of water twaiiiornted Ind-ween the stopping and Mt.nrtmg fimeH C* iieeii- 
sionally differed con.sidcnddy from that taken iM’iween the H ntnrt and afiip, 
due to tlie fact that sonud.imes laUweeit li and i' there was a smltlrui light- 
ing up of the frc'sh coal on lla^ eleamal side of the Curnarr’, while at other tiitieii 
the fire would not light up hrighfly unfd after the f* pomi had paafied. If, 
was therefore decided tliaf the !i lime, when the furnare waa tin* ruldi^ni 
and the water-level at. the lowest, was tht' only time which could be itrei'pfed 
as the true starting and stopping time. 


w, E. 
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TABIjE I 

FACTOIIH OF FVAPOIlATrON- FOR DRY SATURATED STEAM 


l.h. 

(lag« pvmH. . 0.3 
Aim, proHH. 15 


Wator. 


1 

10,1 

20.1 

i 10.3 

40.3 

50.3 

60.3 

70.3 

25 

15 

45 

55 

65 

75 

85 


212“ F. 
209 
206 
203 
200 
197 
194 
191 

\m 

IBS 
ia2 
179 
176 
171 
170 
167 
164 
161 
158 
HS 
H2 
149 
146 
143 
HO 
I 17 
\U 
HI 
128 
12S 
122 
no 
I 16 
HI 
HO 
107 
104 
tOI 
98 

m 

m 

89 

86 

81 

80 

77 

74 

71 

68 

m 

U 

m 

S6 

SI 

50 
47 
44 
41 

IS 

51 
12 


I . 0001 
:i4 
65 
96 
1.0127 
5H 
89 

1 .0220 
51 
82 
I .OIH 
44 
75 

I . 0406 
17 
68 
<)9 
1 .0510 
61 
92 
I ,0621 

54 

85 

1 .0715 

46 

77 

1 0808 

39 

70 

I .0901 
11 

62 

91 

1.1024 

55 

86 
H 16 

47 

78 
1209 

40 

71 
HOI 

II 
61 
94 

I . 1425 
55 
86 

I . 1517 

48 

79 

l.!6H) 

41 

72 

I.I70I 

14 

65 

96 

1.1827 

58 


1 . 


I . 


I . 


' FacTOUS of EVArORATION. 


1.0103 

14 

65 

96 

1.0227 

58 

89 

I .0120 
51 
82 

1.041 I 
44 
75 

1 . 0506 
37 
68 
9<) 

1,0610 

61 

92 

1 ,0721 

54 

85 

1 .0815 

46 

77 

I 0908 
19 

70 
I . 1001 

11 

62 

91 

1.1124 

55 

86 

1. 1216 

47 

78 

I . 1 109 

40 

71 

I , 1401 

12 
61 
94 
1 1525 
55 
86 
1.1617 

48 

79 

1 , 1710 

41 

72 

1.1801 
H 
65 
96 
1 . 1927 
58 


1.01 69 
I . 0200 
II 
62 
91 

1 .0124 
55 
86 

1 .0417 
48 
79 

I .0510 
41 
72 

1 . 0601 
14 
65 

96 
I .0727 

58 

89 
I . 0820 

51 
81 

I .0912 
41 

74 

I . 1005 
16 
67 

97 

1.1128 

59 

90 

1.1221 

52 
82 

I .1111 

44 

75 

I . 1 406 
37 
67 

98 
1 .1529 

60 

91 

1,1621 

52 

81 

t .1714 

45 

76 

1.1807 
18 
69 
1 . 1900 
11 
62 
91 

1.2024 


1 


I .0218 

1.0258 

1 ,0290 

1 .0316 

1 .0340 

50 

89 

1 .0321 

47 

71 

81 

1.0320 

52 

79 

1 .0402 

1 .0112 

51 

83 

1 .0410 

33 

43 

82 

1 .0414 

41 

64 

74 

1 .0413 

45 

72 

95 

1 .0405 

44 

76 

1.0503 

1 .0526 

16 

75 

1 .0507 

34 

57 

67 

1 .0506 

38 

65 

88 

98 

37 

69 

96 

1.0619 

1 .0529 

68 

1.0600 

1 .0627 

50 

60 

99 

31 

58 

81 

91 

1.0630 

62 

89 

1.0712 

1 .0622 

61 

93 

1.0720 

43 

53 

92 

1 .0724 

51 

74 

84 

1 .0723 

55 

82 

1 .0805 

1 .0715 

54 

86 

1.0812 

36 

85 

85 

1 .0817 

43 

67 

76 

1.0816 

47 

74 

98 

1 .0807 

46 

78 

1 .0905 

1 .0929 

38 

77 

1 .0909 

36 

60 

69 

1 .0908 

40 

67 

91 

1 . 0900 

39 

71 

98 

1.1022 

31 

70 

1.1002 

1.1029 

52 

62 

l.IOOl 

33 

60 

83 

91 

32 

64 

91 

1.1114 

1 .1021 

63 

95 

1.1121 

45 

54 

93 

1.1125 

52 

76 

85 

,1.1124 

56 

83 

1.1207 

I . 1 1 16 

55 

87 

1.1214 

38 

47 

86 

1 .1218 

45 

69 

78 

1.1217 

49 

76 

99 

1 . 1 209 

48 

80 

1.1306 

I.I330 

39 

79 

1.1310 

37 

61 

70 

1.1309 

41 

68 

92 

1.1101 

40 

72 

99 

1.1423 

12 

71 

1.1403 

1.1430 

53 

61 

1.1402 

34 

61 

84 

91 

33 

65 

91 

1.1515 

1 .1424 

63 

95 

1.1522 

46 

55 

94 

1.1526 

53 

77 

86 

1.1525 

57 

84 

1 . 1608 

1 1518 

56 

88 

1.1615 

38 

48 

87 

1.1619 

46 

69 

78 

1.1618 

50 

76 

1,1700 

1 1 609 

48 

80 

1.1707 

31 

40 

79 

I.I711 

38 

62 

71 

1 . 1710 

42 

69 

92 

1 1702 

41 

73 

1 . 1800 

1,1823 

31 

72 

1,1804 

30 

54 

61 

1 . 1801 

35 

61 

85 

94 

31 

65 

92 

I .1916 

1 1825 

64 

96 

1 . 1923 

47 

56 

95 

I.I927 

54 

78 

87 

1.1926 

58 

85 

1.2009 

1.1918 

57 

89 

1 .2016 

40 

49 

88 

1 .2020 

47 

71 

80 

1.2019 

51 

78 

1 .2102 

1 201 1 

50 

82 

I .2109 

33 

42 

61 

I.2I13 

40 

64 

73 

1.2113 

44 

71 

95 
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4^APLK I Continued 

li'AGTOIlS OP PVAPOUATION POR DRY HATtTKATKD STPAM 


LI). 

Gage p FOBS. 80.3 
Aba. i>rt!)fla. 95 

85.3 

100 

90. 

105 

Feed 




W ater. 




2I2‘’ P. 

I .0361 

1 .0370 

1 . 

209 

92 

I .0401 

1 . 

206 

1 .0423 

32 


203 

54 

61 


200 

85 

94 

1 . 

197 

1 .0516 

1.0525 


194 

47 

56 


191 

78 

87 


188 

I . 0609 

1.0618 

1 . 

185 

40 

49 


182 

71 

80 


179 

1 .0702 

1 .071 1 

1 . 

176 

33 

42 


173 

64 

73 


170 

95 

I . 0804 

I , 

167 

1.0826 

35 


164 

57 

66 


161 

88 

97 

1 

158 

1 .0919 

1 .0928 


155 

SO 

59 


152 

80 

90 


149 

1 . lOM 

1 . 1021 

1 

146 

42 

52 


143 

71 

82 


140 

1 .1104 

1.1113 

I . 

137 

35 

44 


134 

66 

75 


131 

97 

1 . 1 206 i 1 

128 

I. 1227 

17 


I2S 

58 

68 


122 

89 

98 

1 

119 

1.1320 

1 1129 


116 

51 

60 


113 

82 

91 

1 

110 

1.1412 

1 1422 ; 

107 

41 

5 1 ■ 

104 

; 74 

HI ; 

101 

; 1.1505 

115)4 i 1 

98 

36 

45 i 

95 

66 

76 i 

92 

97 

1 160/ ; 1 

89 

1.1628 

17 ^ 

86 

59 

68 

83 

90 

9*) 1 

80 

, 1 1721 

1 l/H) 

‘77 

! 51 

6l 

74 

82 

92 ■ 1 

71 

j 11811 

1 1822 : 

68 

44 

5 



6S 

75 

84 


62 

1 . 1906 

1 1915 

1 . 

59 

37 

46 


56 

67 

77 


53 

98 

1 , 2008 

1 . 

50 

1 . 2029 

39 


47 

60 

70 


44 

91 

1 2101 

t 

41 

1 ,2122 

12 


38 

5,1 



35 

84 

94 

1 

32 

1 .2216 

1 Zir 

! 



MO 


100. :j 

MS 


Fac’Touh P.v 


ATtillATItlN. 


I OS . I 
120 


110, I 

12S 


M S . .3 

I JO 


0179 

1 0187 

1 

0 196 

1 

0404 

1 

041 1 

1 .0418 

0410 

1 .0419 

1 

0427 


15 


42 

49 

41 

50 


58 


66 


71 

81 

72 

81 


89 


97 

1 

0504 

1 0512 

0504 

1 0512 

1 

0520 

1 

0528 


♦ 5 

43 

IS 

41 


51 


59 


66 

74 

66 

74 


82 


90 


97 

I . 0605 

97 

1 0605 

t 

061 1 


0621 

1 

0629 

36 

0628 

16 


44 


5/ 


60 

67 

S9 

67 


75 


8^ 


91 i 

98 

90 

98 


0706 


0714 

1 

0721 

1 0729 

0721 

1 0729 


17 


4'. 


52 i 

60 

S2 

60 


68 


/6 


81 ^ 

91 

82 

91 


‘19 

1 

OHO. ■ 

1 

0814 . 

1 0822 

081 1 

1 0822 

1 

0810 


18 


45 

S'l 

44 

51 


61 


69 


76 f 

84 

?S 

84 


tf} 

1 

0900 

1 

0907 j 

1 0914 

0906 

1 0914 

1 

092 1 


u 


18 ' 

45 

17 

45 


54 


62 


69 ■' 

76 

68 

76 


85 


91 

1 

1000 : 

} 1007 

99 

1 1007 

1 

1015 

1 

1024 


M ^ 

38 

1 0 10 

18 


46 


5-» 


■6.^ 

69 

61 

69 


7/ 


86 


91 1 

1 1 100 

92 

f MOO 

1 

1 108 

I 

Ml 6 

1 

1124 ’ 

J) 

1121 

11 


19 


4/ 


54 

62 

51 

62 


70 


78 


8* ; 

91 

84 

91 


1 20 1 

I 

1 209 

1 

1216 

1 liiJ 

1215 

1 1221 


12 


40 


47 f 

54 

46 

54 


62 


71 


78 1 

85 

77 

85 


91 

1 

I 102 

1 

1 109 ’ 

1 1JI6 

1 108 

1 I 1 H» ; 

1 

1 124 ^ 


1/ 


40 

47 

19 i 

47 i 


55 , 


6l 


70 i 

78 

69 1 

78 


86 


«H 

1 

1401 i 

1 1408 

1400 

t 1408 

1 

141/ • 

1 

H25 


12 i 

19 

H ! 

19 


47 : 


56 


61 * 

70 

62 : 

70 


78 


8/ 


94 ’ 

1 1501 

92 ^ 

1 15CM 

1 

1509 

1 

1517 

1 

1525 ■ 

,12 

1521 

12 


40 


48 


55 j 

61 

54 

62 


71 


79 


86 ; 

91 

85 ^ 

•H 

1 

1602 , 

1 

1610 

1 

161/ : 

1 1614 

1616 : 

1 1624 


12 : 


41 


48 : 

51 

47 

5 5 


61 ^ 


71 


79 : 

m 

78 

86 


94 ' 

1 

1 702 

1 

l/IO ■, 

1 1717 

1708 

1 1717 

1 

1725 


1 1 


40 

m 

19 . 

4/ 


•»6 


64 


71 ! 


70 ' 

78 


86 


■95 

1 

18112 ^ 

1 1809 

1801 i 

1 1809 

1 

181/ 

1 

1826 


it : 

40 

12 ' 

40 


48 


56 


1*4 

21 

62 

71 


79 


87 


*14 

1 1901 

91 

1 1902 

1 

1910 

1 

i *1 1 H 

1 

1925 i 

,il 

1924 

12 . 


41 


49 


56 i 

#il 

55 

61 : 


72 i 


80 ,* 


87 i 

94 

86 

94 ! 

\ 

2002 ; 

1 

20 1 1 

1 

2018 : 

1 1015 

2017 

1 2025 : 


M 1 


42 ^ 


49 ! 

56 

48 

56 ; 


64 ; 


7i 


80 1 

«7 

79 

87 ^ 


95 ^ 

i 

2III4 . 

1 

2111 1 

1 IMi 

21 10 

I 2M8 ! 

1 

2126 


15 


41 1 

49 

41 

49 I 


5/ 


66 


7i 1 

»0 

72 

80 , 


m ■ 


9/ 

1 

I2II4 i 

1 1111 

2201 

1 2211 

1 

2219 

1 

2228 


15 i 

41 

14 

42 


51 : 


59 . 


66 1 

7,1 
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TABLE 1 — Continued 

FACTORS OF EVAPORATION FOR DRY SATURATED STEAM 


Lb. 

(lai^e praHH. 120.3 
AbH. prcHH. 135 


125.3 

130.3 

135.3 

140.3 

145.3 

150.3 

155.3 

160.3 

140 

145 

150 

155 

160 

165 

170 

175 


Watc^r. 


212‘’ F. 

209 

206 

203 

200 

197 

194 

191 

i«a 

1«S 

1«2 

179 

176 

173 

170 

167 

164 

161 

15a 

155 

152 

149 

146 

143 

140 

137 

134 

131 

iia 

125 
122 
1 19 
1 16 
113 
1 10 
107 
104 
101 
9a 
95 
92 
69 
66 
ai 
ao 
77 
74 
71 
66 
65 
62 
59 
56 
53 
50 
47 
44 
41 
3S 
35 
11 


I'^ACTOWB OF EvaFOEATION. 


I .0425 
56 

a? 

1.0518 

49 

ao 

1.0611 

42 

73 

1.0704 

35 

66 

97 

1.0628 

59 

90 
I .0921 

52 

82 

1 .1013 

44 

75 

1.1106 

37] 

68* 

99 

1 1230 

60 

91 

1 1322 
51 
84 

1.1415 

45 

76 

1.1507 

18 

69 

1.1600 

10 

61, 

92 

1.1723! 

541 

85^ 

1 . 1815 ' 

46 

77 

I . 1908 
39 

70 

1 . 2000 
31 

62 

91, 

1 , 2124 ^ 

55 

86 

1 ,2217 
48 

79' 


I .0431 
62 
93 

1 .0524 
55 
86 

1 .0617 
48 
79 

1 .0710 
41 
72 

I .0803 
34 
65 
96 
1 .0927 

58 

89 

1 . 1020 

51 
61 

1 . 1112 ! 

43 

74 

1 .1205 
36 
67 
98 

1 ,1328! 

59 

90 
1 .1421 

52 
82 

1,1511 

44 

75 

I 1606 

17 

67 

98 

1.1729 

60 

91 

1 1822 

52 

83 

1 .1914 

45 

76 

1 , 2007 

18 

68 

99 

1 2130 
61 

92 

1.2223 

55 

86 


I .0437 
68 
99 
1.0530 
61 
92 

1 .0623 
54 
85 

I .0716 
47 
78 

I .0809 
40 
71 

I .0902 
33 

64 

95 

1 . 1026 

57 
88 

1.1119 

49 

50 

1.1211 

42 

73 

1 . 1 304 
35 

65 

96 

1 .1427 

58 
89 

1 .1519 

50 
81 

1.1612 

43 

74 

I.I704 

35, 

66 

97 

1.1828 

59 
89 

1.1920 

51 

82 

I .2013 

44 

75 

1 .2106 
37 
68 
99 
I .2230 
61 
92 


1 .0443 
74 

I .0505 
36 
67 
98 

I .0629 
60 
91 

1.0722 

53 

84 

1.0815 

46 

77 

I .0908 
39 

70 

1 . 1001 

32 

63 

94 

1.1125 

56 

86 

I .1217 

48 
79 1 

I .1310 
41 

71 

I . 1402 

33 

64 

95 

1,1526! 

56! 

87 

1 . 1618, 

49 
80 1 

1.1711 

41 

72 

1.1803 

341 

65 

96 
1.1926 

57, 
881 
1 .2019 

50 
81 

1.2112 

43 

74 

1.2205 

36 

67 

98 


1.0449 

80 

1.0511 

43 

74 

1.0605 

36 

67 

98 

1.0729 

60 

91 

1.0822 

53 
83 

1.0914 

45 

76 

1.007 

38 

69 

1 . 1100 ! 

31 

62 

93 

1.1224 

54 

85 

1 1316 

47 
78 

1 , 1409 

39 

70 

1.1501 

32 
63 

93 

1.1624 

55 

86 
1.1717 

48 
78 

1.1809 

40 

71 

1.1902 

33 
68 

94 

1.2025! 

56 
87 

1.2118 

49 
80 

1.2211 

42 

73 

1.2340 


1 .0454 
86 
1 .0517 
48 
79 

1. 0610 
41 
72 

1.0703 
34 
65 
96 
1 .0827 

58 

89 

1.0920 

51 
81 

1 . 1012 
43 

74 

1.1105 

36 

67 

98 

1 . 1229 

59 

90 
1 . 1321 

52 

83 

1.1414 

45 

75 

1 1506 

37 

68 

99 

1.1629 

60 

91 

1.1722 

53 

84 

1.1814 

45 

76 

1.1907 

38 
69 
99 

1.2030 

61 

92 
1.2123 

54 

85 

1 .22161 
47 
78 

1.2309 


1.0460 

91 

1.0522 

53 

84 

1.0615 

46] 

77 

1.0708 

39 

70 

1.0801 

32 

63 

94 

1.0925 

56 

87 

1 .1018 
48 
79 

1.1110 

41 

72 

1.1203 

34 
65 

95 

I. 1326 

57 

88 

1 .1419 
50 
81 

1.1511 

42 

73 

1.1604 

35 

65 

96 
1. 1727 

58 

89 

1.1820 

50 

81 

1.1912 

43 

74 

1.2005 

35, 

66 

97 

1.2128 

59 

90 

1.2221 

52 

83 

1.2315 


.0464 

95 

1.0526 
57 
88 
1.0619 
50 
81 
1.0712 
43] 
74 

1.0805 

36 

67 

98 

1.0929, 

60' 

91 

1.1022 

53 
83 

1.1114 

45 

76 

1.1207 

38 

69 
1.1300 

30 
61 

92 

1.1423 

54 
85 

1.1515 

46 

77 

1.1608 

39 

70 

1.1700 

31 
62 
93, 

1.1824 

54 

85 

1.1916 

47 
781 

1.2009 

40 
70! 

1.2101 

32 
63 
94 

1.2225 

56 

88 

1.2319 


1.0469 

1.0500 

31 

62 

93 

1.0624 

55 

86 

1 .0717 
48 
79 

1.0810 

41 

72 

1.0903 

34 

65 

96 

1.1027 

58 

89 

1.1120 

50 
81 

1.1212 

43 

74 

1.1305 

36 

66 

97 

1.1428 

59 

90 
1.1521 

51 
82 

1.1613 

44 

75 

1.1705 

36 

67 

98 

1.1829 

60 
90 

1.1921 

52 
83 

1.2014 

45 

76 

1 .2107 

37 

68 

1.2200 

31 

62 

93 

1 .2324 
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APPENDIX 


TABLE \ -ronfmuefl 

FACTORS OF EVAPORATION FOR DRY SATFRATED BTKAAT 


Lb. 

C3af?:o 165.3 
At)H. proHH. 180 


170.3 

17S.3 1 

1H0.3 i 

185.3 

'{90 i 

: 195 , 1 

200. 1 

205. 

185 

190 

195 

j 

200 

j 205 

1 210 

215 

1 220 


F(hkI 

Water. 



F.\<Tt)HH 

tVF F,VAI'<9{i\Ttn\. 



212® F. 

1.0474 

1.0478 

1 . 048 1 

I 1,0487 

i 1 0492 

1 

0496 

1 

0490^ 

1 .050'! 

209 

1.0505 

1 .0509 

1.0514 

1 05191 1 0523 

1 

05 2/ 

1 

05 30, 

14 

206 

36 

4C 

45 

50 

54 


58 


OF 

65 

203 

67 

71 

77 

HI! 85 


89 


92 

96 

200 

98 

1.0602 

1 . 0608 

1.0612 

: 10616 1 

0620 

1 

. 062 3 . 

.06/7 

197 

1.0629 

3 3 

V) 

4 3 

: 47 


5 1 


5 4: 

58 

194 

6(.: 

64 

7(1 

74. 78 


82 


85 

fi9l 

191 

91 

95 

1.0701 

1.0705 

i 1 0709 

1 

.071 3 

1 

0/16 

07/(0 

ias 

1.0722 

1.0727 

32 

36! 40 


44 


4/ 

51- 

i85 

53 

58 

61 

67i 71 


75 


78 

8/ 

182 

84 

88 

94 

98 

1 080/ 

1 

.0806 


.0809 

tmi r 

179 

I.08I5 

1.0819 

1.0825 

1 .0829 

33 


3/ 


40 

44: 

176 

46 

50 

56 

60 

64 


3.8 


71 

75i 

173 

77 

81 

87 

91 

95 


99 


090/ 

. 09{}6; 

170 

1.0908 

1.0912 

1 . ()«) 1 7 

1.0922 

1 . 0926 

1 

09 30 


H 

37' 

167 

39 

4 3 

48 

5 3 

57 


61 


(■*4 

68; 

164 

70 

74 

79 

84 

88 


9 2 


95: 

99 i 

161 

1. 1001 

1.1005 

F lOfO 

1 . 1014 

I . 1(319 

1 

102 3 

1 

1 026 

, HHO^ 

158 

32 

36 

41 

45 

49 


54 


5/ 

61- 

155 

63 

67 

72 

7t. 

80 


85 


88 

9/' 

. n/i: 

152 

94 

98 

1110 3 

1 1107 

Min 


1115 

1 

1119 

149 

1.1125 

1.1129 

34 

38 

4/ 


46 


49 

54 ; 

146 

56 

60 

65 

69 

7 3 


7/ 


8(.| 

84i 

143 

86 

91 

96 

1 , 1200 

1 1204 


1 20M 

1 

1/1 1 

. 1215; 

140 

1.1217 

1 1221 

1.1227 

3t 

35 


39 


4 2 

46-, 

137 

48 

52 

58 

62 

6f. 


70 


73 

/;; 

134 

79 

81 

88 

■1.* 

9/ 

1 

1 10! 


1 lo-i 

. I 308 

131 

1.1310 

1 1314 

1. 1319 

1 132 3 

1 1327 


3/ 


15 

39 : 

128 

41 

45 

50 

54 

58 


6 2 


hh ' 

70 

125 

72 

76 

81 

85 

89 


9 1 


•16 

1400 

122 

1 . 1402 

1 , H07 

1 1412 

1.1416 

1 14/0 

1 

14/4 

1 

1428 

IF 

119 

33 

37 

41 

47 

51 


5 5 


5/ 

6/ 

116 

64 

68 

73 

78 

82 


86 


89 

9 3 

113 

95 

99 

I . 1504 

1.1508 

1 151/ 

1 

M5j 

1 

. 1 5/11 

F»2‘F 

110 

r 1526 

1. 1510 

:I5 

19 

4 1 


4/ 


50 

5 5 

107 

57 

61 

66 

70 

71 


78 ! 


fiS 

85 

104 

87 

92 

97 

1 , 1601 

! 1605 

1 

1 6(39 

1 

U. i 2 

1616 

101 

1 1618 

FI62i 

I. 1627 

32 

3f» 


4tl 


4 i 

47 

98 

49 

51 

58 

6/ 

67; 


71 


74 

78 

95 

80 

84 

89 

9 4 

9 7 

1 

170! 

1 

170 5 

1 709 

92 

t 1.1711 

1 .1715 

1 1720 

1 17/4 

! 17/8 


1/' 


15 

I'l 

89 

^ 42 

46 

51 

55| 

5‘l 


or 


66 

/»:, 

86 

72 

76 

82 

8f2 

90 


9.4- 


•#7 

llifll : 

83 

1 1801 

1 1807 

1 1812 

1 1817 

1 18/1 

1 

1825 

1 

Ift/.'l 

U 

80 

14 

18 

43 

47| 

5 2 


56 ■ 



61 

77 

65 

69 

74 

78 

11/^ 


flf2 


9|| 

94 

74 

96 

1 1900 

t 1905 

1 1909] 

1 191 i’ 

I 

19} 7 

1 

1 9,91 

19/4^ 

71 

1 . 1926 

M 

36 

401 

41; 


48 


5 1 

5 5 i 

68 

57 

61 

6/ 

I 200/! 

/Y 


79 


6/ 

86 i 

65 

88 

, 92 

97 

1 2006; 

1 

/OlO 

1 

201 3 

2«l/i 

62 

1.2019 

1 202 3 1 

1 10/8 

3/; 

I6i 


It 


4 4 

48 1 

59 

50 

%4; 

59 

6 4 

67' 


72 



79 

56 

81 

1 IMl! 

90 

94; 

*m- 

1 

110/ 

1 

21116 

21 III! 

53 

F2112 

1 2121 

1 21/51 

\ /I/9 


3 1 


O’. 

41 ; 

50 

41 

47 

52 

56- 

60. 


64 


hi 

/I 

47 

74 

78 

831 

87 

911 


95 


*m 

2 /III 

44 

1 , 2205 

1 . 2209 

1 2214 

1 2218 

1 ////* 

1 

2/26 

1 

2/ 29 

14 

41 

16 

40 

45* 

49: 

5 1 


57 


f.6 

6 5 

38 

67 

71 

76] 

1 2 307! 

80? 

84 


8« 


"If 

9f* ‘ 

35 

98 

1 iHU 

I 2I1F 

1 /mi 

r 

/ 1/31 

1 

2 i 2 1 

i 127: 

12 

1 .2129 

h! 

1 

38} 

! 

42; 

46: 

! 


5} 


**■1 

li 


.0507 

18 

69 

. 0600 
11 

6i 
9i 
1 714 


86 

081/ 

48 

/9 

0‘M0 

4t 

/i 

HHO 

14 

65 
96 

.tin 

U 

89 
1219 

50 
8t 

\ Iti 

41 

74 

1401 

15 

66 
9/ 

Fi|8 

59 

90 
16/0 

51 
R| 

I/ll 

44 

7% 

min 

16 
61 
98 

I *11*1 
19 
»«l 
21111 

1114 

m 

m 

am 

i« 

69 

If 
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TABLE 1 — Continued 

FACTORS OF EVAPORATION FOR DRY SATURATED STEAM 


Aim. 225 


.’3 215.3 

220.3 

i 225.3 

230.3 

235.3 

240.3 

245.3 

250.3 

230 

235 

j 240 

245 

250 

255 

260 

265 


Paotoiw of Kvaporation. 


1.0510 1 . 051 ^ 
41 44 

72 75 

1.0601 1.0606 
H 37 
65 68 

06 1.0700 
1.0727 31 

58 62 

80 93 

1.0820 1.0823 
51 54 

82 86 
1 . 09 H 1 . 09 1 6 


47 

50 

78 

81 

1808 

, 1812 

19 

42 

70 

71 

1901 

.1904 

32 

15 

1*1 

66 

91 

96 

2024 

.2027 

55 

58 

86 

89 

2117 ' 

1 .2120 

48 

51 

79 

82 

2210 

1 .2213 

41 

44 

71 

75 

2'm 

1 .2306 

34 

37 

65 

68 


I .0517 
48 
79 

1 .0611 
42 
73 

1 .0704 
35 
66 
97 

I .0828 
59 
90 
1 .0921 
51 
82 

1 . 1013 
44 
75 

1 . 1 1 06 

37 
68 
99 

1 .1230 
61 
92 

1.1322 

53 

84 

1.1415 

46 

77 

M 507 

38 

69 

1.1600 

31 

61 

92 
1. 1721 

54 

85 

I . 1816 
46 
77 

1 . 1908 

39 

70 

1 .2001 
31 
62 

93 

I .2124 

55 

86 
1.2217 

48 

79 

1 .2310 
41 
72 


1 .0520 
52 
83 

1 .0614 
45 
76 

1.0707 

38 

69 

I .0800 
31 
62 
93 

1.0924 

55 
86 

1.1016 

47 

78 

1.1109 

40 

71 

1.1202 

33 

64 
95 

1.1326 

56 

87 

1.1418 

49 
80 

1.1511 

41 

72 

1.1603 

34 

65 

95 

1.1726 

57 

88 

1.1819 

50 
80 

I . I 91 I 

42 

73 

1.2004 

35 
65 

96 
1.2127 

58 
89 

1.2220 

51 
82 

1.2313 
44 
' 75 


1.0523 

55 

86 

1 .0617 
48 
79 

1 .0710 
41 
72 

1 .0830 
34 
65 
96 
1.0927 

58 

89 

1.1019 

50 

81 

1.1112 

43 

74 

1 . 1205 

36 

67 
98 

1.1329 

59 

90 
1 . 1421 

52 
83 

1 .1514 

44 

75 

1.1606 

37 

68 

98 

1.1729 

60 

91 

1.1822 

53 
83 

1.1914 

45 

76 

1.2007 

38 
68 

99 
1.2130 

61 

92 
I .2223 

54 
85 

1.2316 
i 47 
78 


1.0527 

58 

89 

1 .0620 
51 
82 

I .0713 
44 
75 

1 .0806 
37 
68 
99 

1.0930 

61 

92 

1.1023 

54 

85 

1.1115 

46 

77 

I . 1208 

39 

70 

I . 1301 
32 
62 

93 

1 . 1424 

55 

86 

1 . 1517 
48 

78 

1.1609 

40 

71 

1 . 1702 

32 

63 

94 

I . 1825 

56 

87 

I . 1917 
48 

79 

1.2010 

41 

72 

1 .2102 

33 

64 

95 

I .2226 

57 

88 

I 1.2319 
50 
82 


1.0529 

60 

91 

1.0622 

53 

84 

1.0715 

46 

78 

1.0809 

39 

70 

1.0901 

32 

63 

94 

1.1025 

56 

87 

1.1118 

49 
80 

1.1211 

42 

72 

1 . 1303 

34 

65 

96 

1 . 1427 
58 

88 

1 . 1519 

50 
81 

1 . 1612 

43 

73 

1.1704 

35 

66 

97 

1 . 1827 
58 
89 

1 . 1920 

51 
82 

I .2012 
43 

74 

1.2105 

36 
67 

98 
1.2229 

60 

91 

1.2322 

53 

84 


I .0533 
64 
95 

1 .0626 
57 
88 

1 .0719 
50 
81 

1 .0812 
43 
74 

1 .0905 
36 
67 
98 
1.1029 
60 

91 

1.1122 

531 

83 

1.1214 

45 

76 

1 . 1307 

38 
69 

1.1400 

30 
61 

92 
1.1523 

54 

85 

1.1615 

46 

77 

1.1708 

39 

69 

1.1800 

31 
62 

93 

1.1924 

54 

85 

1 .2016 

47 

78 

1 .2109 

40 

70 

1 .2201 

32 
63 

94 
1 .2325 

57 

88 


1 .0535 
66 
97 

1 .0629 
60 
91 

1 ,0722 
53 
84 

1 .0816 
45 
77 

1 .0908 

39 
69 

1 .1001 
31 
62 
93 

1.1124 

55 
86 

1 .1217 

48 

79 

1.1310 

40 

71 

1.1402 

33 
64 
95 

1.1525 

56 

87 

1.1618 

49 

80 

1 1710 

41 

72 

1.1803 

34 
64 
95 

1.1926 

57 

88 

1.2019 

49 

80 

1 .2111 

42 

73 

1 .2204 

35 
66 
97 

1 .2328 
59 
90 



250 


APPENDIX 


TABLE 2 


PROI’iaiTIKS OF SATIUtATKI) RTKAM 


(Condensed from Goodimon^^h'.s " Prop<‘rtie8 of Steam and Armnonla/’ John Wiley A; 
Soils, by i>*‘riniHHion.) 


PllESaUEE 


Vol- 
ume, 
eu. ft. 
per lb. 

Weiglit, 
11). per 
cu. ft. 

IIkat (’ontknt in 
ii.T.U. 

In. of 
mer- 
cury 

Id), per 
aq. in. 

Temp. 
Deg. F., 

of liquid. 

1 

1 

t»f vapor. 

1 

.49i:< 

79.06 

652 

0 001534 

47 It 

1095 0 

2 

.982 

101.17 

338.9 

0 002950 

69 1 6 

1105 1 

3 

1 .474 

115.08 

231.4 

0 004 32 

8 3 04 

nil 4 

4 

1.965 

125.44 

176.5 

0 00566 

93 3/ 

1115 9 

5 

2.456 

133.78 

143.2 

0 0069H 

1 10 68 

1119 6 

6 

2.947 

140.80 

120.7 

0 00829 

urn 69 

1122 6 

7 

3.438 

146.88 

1 10.4 

0 00958 

114 8 

1125 2 

8 

3.929 

152.26 

92. I 

0 01085 

1 20 . 2 

1127 5 

9 

4.421 

157.10 

82.5 

0 01212 

125 0 

1129 6 

10 

4.912 

161.50 

74.8 

0 01338 

129 4 

1131,4 

n 

5.403 

165.55 

68 4 

0 01463 

133 4 

1 HI. t 

12 

5.894 

169.30 

63 0 

0 01587 

137,2 

1134 7 

1,3 

6.39 

172.79 

58 5 

0 01710 

140 7 

n 16, 1 

14 

6.88 

176.06 

54 6 

0 01833 

14 3 9 

IH7.5 

15 

7.37 

179. 14 

51 14 

0 01955 

147 0 

1138,8 

16 

7.86 

182,06 

48 14 

0 02077 

149 9 

1140.0 

17 

8.35 

1 84 8 1 

45 49 

0 02198 

152 7 

1141,3 

la 

8.84 

187,46 

43 12 

0 02119 

155.4 

1142.3 

19 

9.33 

189 97 

40 99 

0 02439 

157 9 

1143 1 

20 

9.82 

192 38 

39 08 

0 02559 

160 1 

3144 3 

21 

10.31 

194 68 

37 H 

0 02678 

162 6 

1145 0 

22 

10.81 

1 96 89 

35 75 

0 0279/ 

|64 8 

1145 9 

23 

11.30 

199 (H 

34 29 

0 02916 

16/ 0 

1146 7 

24 

11.79 

20 1 , 09 

12 95 

0 0 3035 

1 69' , 0 

114/ 5 

25 

12.28 

203 08 i 

31 71 

0 03153 

170 1 

1148 3 

26 

12.77 

205 00 

10 57 

0 03271 

1/3 0 

3 149 3 

27 

13.26 

206 87 

29 51 

0 03188 

t/4 8 

1149 8 

28 

13.75 

208 . 67 

1 28 5 i 

0 0 3505 

1/6 6 

1150 5 

29 

14.24 

210 41 

27 61 

0 0 3622 

1/8 4 

1151 I 

29.92 

14.697 

212 

26 HI 

0 0 37 30 

180 0 

1151 7 

30 

14.74 

212 13 

26 75 

0 0 3719 

180 1 

1151 8 


IS 

213 0 

26 30 

0 03802 

181 0 

^ 1152 2 


16 

216, 3 

24 76 

0 04038 

184 1 

1153 4 


17 

219 4 

21 40 

0 04224 

18/ 5 

1154 6 


18 

222.4 

22 18 

0 04508 

190 5 

3155 / 


19 

225,2 

II 09 

0 04/42 

Dll 1 

1156 / 


20 

218 0 

20 10 

0 0498 

196 0 

115/ / 


21 

210 6 

19 20 : 

0 11521 

DI8 / 

3158 7 


22 

213 , 1 

18 18 

0 0544 

201 2 

1159 6 


21 

235 5 

17 64 - 

0 0567 

20 3 6 

MOO 4 


24 

237 i 

16 95 

0 05*10 

206 0 

116 3 1 


15 

240 1 

16 12 ! 

0 061 1 

208 2 

1162 1 


26 

242 I 

15 73 

0 06 36 

110 4 

1162 8 


27 

244 . 3 

15 18 

0 0659 

111 6 

1161 6 


28 

246.4 

14 67 

0 0683 

214 6 

M64 1 


29 

248 , 4 

14 20 

0 «?«4 

236 6 

3 1 65 tl 


30 

250 . 1 

11 76 

0 0/2/ 

218 6 

M65 / 


31 

252,2 

1 1 34 

0 0/49 

220 5 

t 1 66 1 


32 

254,0 

12 95 

0 0//2 

222 4 

1 1 Mi 9 


33 

255,8 

12 59 

0 0/95 

224 2 

M6/ 5 


34 

257.6 

12 14 

0 0818 

ii% 9 

t 1 68 1 

1 

1 

35 

259 1 

H 91 

0 0840 i 

21/ / 

1168 / 

! 

36 

260 9 

1 1 ritt 

0 0862 1 

22'* 1 

i 


I.iitent 

beat of 

vapor- 
Sif.atlon 
In H.T.lb 


1047,9 
HH6.0 
lOin.l 
lOii 5 
HI17,9 

ion, 9 

10U),1 
1007.4 
! 004.0 

1002 J 
9*0* 7 
997 5 

m% % 

991 9 
99 1 , 7 
990 , 0 

mn 1 

nm 7 

9a 1 i 
9a 1 a 
9a a 4 
9HI I 
979 « 
97a I 
9/7 I 
97a I 
974 9 
97».« 
9/i 7 
9/1,7 

9/1 7 
9/1. i 
909 I 
9ai I 

. I 

9fi 1 , 4 
90 1 7 
♦Ifitl 0 
4 

9ia « 
m% I 
a 

*ni 4 
♦Oil 0 
949 I 
9411 4 
94/ I 
*H% « 
944 fi 
941 4 
91/ I 
911 l» 
919 9 
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APPENDIX 


TABLE ‘2—(lontinucit 
PEOPEIITIES OF 8ATUK.ATKD BTEAM 


Pres- 
sure, 
lb. ptir 
sq. in. 

Temp,, 
Deg. K. 

Volinno, 
ou. ft. 
per lb. 

Weight, 
lb. per 
cu. ft. 

I Ik AT Co 
H.T 

«>f liquid. 

VTKNT IM 

r. 

('! viquir. 

93 

322.6 

4.756 

0.2102 

292. . 5 

1187 t 

94 

323.3 

4 , 709 

0.2124 

29 3 3 

1187 1 

95 

324.1 

4.663 

0.2145 

294 1 

1187 5 

96 

324.8 

4.617 

0.2166 

294 8 

1187 7 

97 

325.6 

4.572 

0.2187 

295 6 

1 187 8 

98 

326.3 

4.528 

0.2209 

296 4 

1 1 88 (I 

99 

327.1 

4.484 

0.2230 

297 i 

1188 i 

100 

327.8 

4.442 

0 2251 

297 ft 

1188 4 

101 

328.5 

4 . 400 

0 227 3 

2ft« 7 

1188 5 

102 

329.2 

4.359 

0 22ft4 

iftft 4 

1188 7 

103 

330.0 

4.318 

0 2 316 

300 1 

1188 ft 

104 

310.7 

4,279 

0 23 37 

iOO ft 

Uftft 0 

105 

331 .4 

4 240 

0 2 358 

30 1 6 

1189 2 

106 

312.0 

4,202 

0 2 380 

302 3 

1189 4 

107 

332.7 

4.165 

0 2401 

303 0 

1189 5 

106 

313,4 

4.128 

0 2422 

301 7 

1 189 / 

109 

334.1 

4 092 

0 2444 

304 4 

1189 8 

no 

334.8 

4 057 

0 2465 

105 1 

1 190 Cl 

111 

335,5 

4 022 

0 2486 

305 8 

tlftO t 

112 

336,1 

3 988 

0 2508 

306 5 

1 1 ftp 3 

113 

336,8 

3 954 

0 2529 

30/ 2 

1 1 90 4 

114 

337.4 

3 921 

0 2550 

30/ ft 

1 1 9(3 6 

115 

338.1 

1 889 

0 25/2 

308 6 

1190 / 

116 

338.7 

3 857 

0 259 3 

3 (,3ft 2 

11^81 8 

117 

339.4 

3 826 

0 2614 

30ft ft 

1 |9i 0 

118 

340.0 

3 795 

0 26 35 

310 6 

1191 1 

119 

340.6 

3 765 

0 265/ 

in 2 

3193 1 

120 

341 .3 

3.715 

0 26/8 

331ft 

1191 4 

121 

341 .9 

3 705 

0 2699 

312 5 

! 1191 5 

122 

342.5 

3 676 

0 2/20 

in 2 

! 1191 6 

123 

343 1 

3 648 

0 2741 

313 ft ; 

lift! 8 

124 

143.7 

3 620 

0 2/62 

114 4 ; 

lift! 9 

125 ‘ 

344.4 

3,59,3 

0 278 3 

315 1 i 

lift/ 0 

126 ; 

345 0 

3 , 566 

0 2805 

115 7 

1192 1 

127 

345,, 6 

3,53ft 

0 2826 

116 1 

lift/ 3 

128 

146.2 

3.511 

0 284/ 

116 ft 

1 192 4 

129 

146,8 

3 487 

0 2868 

31/ 6 

1 192 5 

130 

,347,4 

3 461 

0 2889 

318 2 i 

1192 6 

131 

347,9 

1 416 

0 2910 

118 8 1 

1192 / 

132 

348,5 

1.412 

0 2931 

lift 4 1 

lift/ ft 

133 

349,1 

3 387 

0 2952 

lltl 0 i 

11*1 1 0 

134 

349 ,.7 

3 361 

0 2971 

120 6 i 

119 3 1 

115 

350,1 

3 . 140 

0 2994 

121 2 1 

lift! 2 

136 1 

350.8 

3 .316 

0 1016 

1-21 8 1 

IlftI 1 

137 

35D4 

3 2ft 3 

0 10 37 

32i 4 ’ 

1191 4 

138 1 

352,0 

3 270 

0 3058 

111 0 ! 

llfti 5 

139 

352,5 

1 248 

0 1079 

Ul 6 i 

1191 6 

140 

351.1 

3,226 

0 1100 

124 i 1 

llfti 1 

141 

.351,6 

1 , 204 

0 M2I 

124 7 1 

1191 ft 

142 

.354,2 

1,182 

0 1141 

125 1 i 

1 IftI 9 

143 

354. 8 

1 161 

0 3161 

1/5 ft i 

1194 II 

144 

355.3 

.1 140 

0 1184 

$26 5 i 

lift! 1 

145 

355.8 

3,120 

0 3106 

12/ 11 i 

1194 1 

146 

356.3 

1 099 

0 1217 

127 6 ! 

||»I4 1 

147 

156.9 

3 079 1 

0 1248 

318 1 ’ 

||»M 4 

148 

357,4 

1 059 ' 

0 1269 

$28 7 

$194 5 


h**at of 
Vllptif*-' 
b.iition. 

B/rji. 

m4 6 
m4 i) 
4 

mi ft 
mi i 

ft 

ftfti 0 
, *» 

<1 

aft*> i 
ftftft 7 
Hftft i 
ttli7.ft 
mi , I 
ftlift 

nm 4 

ftH4,ft 
ftft4 I 
ftft i 7 
«ft« 1 
mi 7 
mi t 
m\ ft 
ftftt t 
ftftft ft 
ftmj ft 
ft/ft % 
ft/»» ft 
ft /ft *1 
ft/ft Cl 
ft/7 f 
ll/ll ft 
«/ft 4 
ft/I ft 
ft/ 1 4 
«/4 ft 
«I4 4 
«/l ft 
«|i I 
11/ I II 

ftli I 
«/i II 
«/l I 
«li II 
«|ll I 
illl I 
»#**l i 
ftift I 

mm #1 

fti*« I 
ftiil / 
ftft/ I 

«f*fi « 
«ii#i i 
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TABLE 2 — Continued 
PBOPERTIES OF SATURATED STEAM 


ProH- 
Hurt', 
llu l»t‘r 
Hq. in. 


H9 
150 
152 
154 
156 
I IS 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 

194 
196 
198 
200 
205 
210 
215 
220 
225 
210 
215 
240 
245 
250 

m 

im 

26S 

270 

275 

280 

285 

195 

lew 

IIS 

350 

175 

400 

450 

500 

600 

700 

800 


'ramp,, 
Dt^g- E. 

VoluriKi, 
cu. ft. 
pa.r lb. 

Weight, 
lb. par 
cu. ft. 

Heat Content in * 
B.T.U. 

Latent 
heat of 
vapor- 
ization. 
B.T.U. 

of liquid. 

of vapor. 

157.9 

158.5 

159.5 

160 . 5 

161 .6 

362.6 

361.6 

364.6 

365.6 

366.5 

367.5 

368.5 

369.4 

370.4 
371.3 
372.2 

373.1 
.374.0 
.174.9 

375.8 

376.7 

377.6 

378.5 
379.3* 

380.2 

381.0 

381 .9 
381.9 

386.0 

388 . 0 

390. 0 

391 .9 

19 1 . 8 

395.6 

397 . 5 

399 . 3 

401 .1 

402.9 

404 . 5 

406 . 2 

407.9 

409.6 

411.2 

412.8 

414.4 

415.9 

417.5 

424.9 

431 .9 

438.5 
444.8 

456.5 

467.2 

486.5 
501.4 

ei ft % 

1.039 

3.020 

2 . 982 
2.945 
2.909 
2.874 
2.839 
2.806 
2.773 
2.741 
2.710 
2.679 
2.649 
2.620 
2.591 
2.563 
2.536 

2 . 509 
2.483 
2.457 
2.432 
2.408 
2.383 

2 . 360 
2,337 
2.114 

2 , 292 
2.238 1 

2.186 
2.137 

2 . 090 
2.045 
2.002 

1 .961 

1 .921 

1 .883 

1 .846 

1 .811 

1 .777 
1.745 

1 .713 

1 .683 

1 .654 

1 .625 

1 . 598 

I .571 
1.545 

1 .428 
1.327 

1 . 239 
1.162 
1.033 
0.928 
0.770 
.656 
570 

0.3290 

0.3311 

0.3353 

0.3396 

0.3438 

0.3480 

0.3522 

0.3564 

0.3606 

0.3648 

0.3691 

0.3733 

0.3775 

0.3817 

0.3859 

0.3901 

0.3943 

0.3985 

0.4027 

0 . 4069 

0.4111 

0.4154 

0.4196 

0.4238 

0.4280 

0.4322 

0.4364 

0.4469 

0.457 

0.468 

0.478 

0 . 489 
0.499 
0.510 
0.521 
0.531 

0 . 542 
0.552 
0.563 
0.573 
0.584 
0.594 
0.605 
0.615 
0.626 
0.636 
0.647 
0.700 
0.753 
0.807 
0.660 
0.968 
1.077 
1.30 
1.52 
1.76 

329.3 

329.8 

330.9 

332.0 

333.1 

334.1 

335.2 

336.2 

337.3 

338.3 

339.3 

340.3 

341.3 

342.3 

343.3 

344.3 

345.2 

346.2 

347.1 

348.1 

349.0 

350.0 

350.9 
351.8 
352.7 

353.6 

354.5 

356.7 

358.8 

361 .0 

363.0 

365 . 1 

367.1 

369.1 

371 .0 

373.0 

374.9 
376.7 

378.6 

380.4 

382.2 

383.9 

385.7 

387.4 

389.1 

390.8 

392.4 

400.4 

408.0 

415.1 

422.0 

434.8 
446.6 

468.0 

487.1 
504.3 

1 194.6 

1 194.7 
1194.9 

1195.1 

1 195.3 

1 195.5 

1195.7 

1195.8 

1196.0 

1196.2 

1196.3 

1196.5 

1196.6 

1196.8 

1196.9 

1197.1 

1197.2 

1197.4 

1197.5 

1197.6 

1197.8 

1 197.9 

1198.0 

1198.1 

1 198.2 

1198.4 

1198.5 

1198.7 

1199.0 

1199.2 

1199.5 

1199.7 

1199.9 

1200.1 

1200.3 

1200.5 

1200.6 

1200.8 
1201 .0 
1201.1 
1201 .2 

1201 .4 

1201 .5 

1201 .6 

1201 .7 

1201 .8 

1201 .9 
1202.2 

1202.5 

1202.6 
1202.5 
1202.2 
1201 .7 
1199.8 

1197.4 

1194.4 

865.4 

864.9 

864.0 

863.1 

862.3 

861 .4 

860.5 

859.6 

858.7 

857.9 

857.0 

856.2 

855.3 

854.5 

853.6 

852.8 

852.0 

851.2 

850.4 

849.5 

848.7 

847.9 

847.1 

846.3 

845.6 

844.8 

844.0 

842.1 

840.2 

838.3 

836.5 

834.6 

832.8 

831.0 

829.3 

827.5 

825.8 

824.1 

822.4 

820.7 

819.1 

817.4 

815.8 

814.2 

812.6 
811.0 

809.4 

801.8 

794.5 

787.5 

780.6 
767.4 

755.0 

731 .8 
710.3 

690.1 

1 o « ^ 
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TAliI.K 3 

WKicnrr AMI) Bpm¥\v iikat iW \rA'ri^:ft 

(From Froimritri nf ttiifi Aiiuii**saA**) 


IVinp., 

Dm, F, 

Volutins 
cu.fl, 
onr Ml, 

Wmiiii. 

M». pvr 
rtt n. 

20 

0 01601 

01 17 

,10 

0 01602 

62 41 

40 

o.orool 

hi 41 

10 

0 01002 

02 41 

60 

0 otooi 

hi 17 

70 

0 01601 

hi SO 

mi 

0 ©tool 

hi ii 

‘HI 

0 OlOlO 

hi il 
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TABLE 5 


SPECIFIC HEATS OF GASES 
(From Roentgen’s Thermodynamics) 
Constant Pressure. 


Air 0.23751 

Oxygen 0.21751 

Hydrogen..,.. 3.40900 

Nitrogc'n 0.24380 

Huperheatecl steam 0.4805 

('arhonie acid 0.217 

Olefiant gUH Oalia (ethylene) 0.404 

( ’arl)oni(‘ oxide 0.2479 

Anunonia 0.508 

Ether.. 0.4797 

Aleoliol 0.4534 

Acetic acid 0.4125 

tUdoroforin 0.1567 


Constant Volume. 
0.16847 
0.15507 
2.41226 
0.17273 
0.346 
0.171 
0.332 
0.1758 
0.299 
0.3411 
0.399 


In addition to the above, the following are given by other 
authorities. (Belcctod from various sources.) 


TABLE G 


SPECrFIC HE. 


Platlnunu 32® to 446® F 0.0333 

(IncreaHed 0.000305 for each 100® F.) 

Ctulmiuin 0.0567 

UrijkMS 0.0939 

Chopper, 32® to 212® F 0.094 

32® to 572® F 0.1013 

55inc. 32® to 212® F 0.0927 

“ 32® to 572® F 0.1015 

Nickel 0,1086 

Ahnninunn 0® F. to melting-point 

(A. K. Hunt) 0,2185 


.TS OF METALS 
I Wrought iron (Petit and Dulong) 


32® to 212° 0.1098 

32° to 392° 0.115 

32° to 572° 0.1218 

32° to 662° 0.1255 

Iron at high temperatures. 

(Pionclion, Coinptes Eendus, 1 887) 

1382° to 1832° F 0.213 

1749° to 1843° F 0.218 

1922° to 2192 F 0.199 


Dr.-IiiK. P- ()l)C'rholT(^r, in Zeit. des Vereines Deutscher Ing&- 
niftm Dined, Bc'pt., U)0.S), dcscra)cs some experiments on 

tiu' HixH'ifkr heal, of lu'ai-ly pure iron. The following mean spe- 
cific heats were, ohtaiiual. 


Tl'Hip. P. ’00 000 800 1000 

Hp. lit. 0.1228 0.1266 0.1324 0.1388 

TewpF. 1500 1800 2100 2400 

Sp. Hi. 0.1698 0.1682 0.1667 0.1662 

Tile specliie lieat inenmst's steadily between 500 and 1200 
rapidly to I400» after wldcti it remains nearly constant. 


1200 1300 

0.1462 0.1601 

2700 
0.1666 

F. Then It increases 


TABLE 7 

HPECIFIC HEATS OF OTHER SOLIDS 


Brickwork and masonry, about.. . 0.20 

Martde 2 

Chalk 0'2 5 

Qiitcklime . . . . 

U agneslan limestone. 0 • * i / 

Silica............. 

<*tmiiulum. . 

Biones generally 0 . 2 to o . xx 


Coal 

("oke 

Graphite 

Sulphate of lime. 

Magnesia 

Soda 

Quartz 

River sand . . . . . 


0.20 to 0.241 

0.203 

0.202 

0.197 

0.222 

0.231 

0.188 

0.195 
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TABLE 8 

SPECIFIC! HEATH OF WOODS 

Oven dried, 20 vark'tJiss, spiTifu* h(*at lu^arly tlu‘ sanu^ for all 
average 0.327. (U. S. For(\si. S(‘rvi(*(», l!)n.) 

TABLH a 

SPECHFH! HEATS OF LJQEIDH 

AU'ohol, (k'liHity 0.791. 0.622 Olivi'oiK . o.no 

Sulphuric add, dciiHity 1.67 0.11S Hciizinc ........ 0,191 

“ “ “ 1.10 0.661 'ruriH’Utiiu*. driiHity 0,672 , 0,472 

Hydrochloric acid 0 . 600 Hronduc. I M I 

TABLE H) 

HPECIFHt HEATH OF CJAHES 

At I'xmnUiut At fiuudant 
Pr«’n‘atf«\ Vidutiti’. 


SulplmrouH add, . 0 I ‘CO p j 24P 

LiRlit carhurc'tcd hydroKcu, inivrHh fpiH {( ‘Hit , O S 929 il 4661 

BlaHtduriuicc kuhch. . O 227 / 


'FABLE II 

TABLE OF SPECIFIC HEAT OK OASEOt S PHiUM r is cH*‘ C(»MIU HTION 
HEFEHHED TO THE PH<H*<»UTION (tE C\IUio\ DIOXIDE 


IToportlon of Hpcctlic Pttipof iiuo uf St»ccitlc 

Carbon Dioxide Heat. (‘iulHOi tHuxpb^ Heal, 

r) per cent fl [XT Cfiil . . (! ;!i!» 

« “ 12 “ ().:!2() 

7 “ (),:tir, i;} ■■ , , u 

H “ O.aili It ” 0 222 

« “ ().;{17 I.'i •• (),;{2;t 

10 “ O.tJlH 
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TABLE 12 

HEAT OF COMBUSTION OF SUBSTANCES 



Calories. 

B.T.U. 


( 'ryHtalliztHi c'arboii to (aia 

7,859 

14,146 

Berthelot 

“ to (K) 

2,405 

4,329 


AmorpliouH carbon to ( !()a 

8,137 

14,647 

** 

“ “ to<’0 

2,489 

4,480 

• • 

Oraphito to <!()a 

7,90! 

14,222 

< < 

Pctrolcuin coke to (HJa 

8,017 

14,503 

Mahler 

(JaM cokes to ( 

8,047 

14,485 

Favre and Silbermann 

< !arboti vapor to ( !Oa 

1 1,328 

20,390 

Calculated 

C'oal (pun* aral dry) 

7800-9000 

14,040-16,200 

Various 

(IMin* and dry) 

6000-7000 

10,800-12,600 


Bcccli char<*oal 

7,140 

12,852 

Schwackhofer 

Soft charcoal 

7,071 

12,723 


CcllidoMt* 

4,200 

7,560 

Berthelot 

Soft rt'HitiouH wood 

5,050 

9,090 

Gottlieb 

Hard wood 

4,750 

8,550 


Ih'iit 

5,940 

10,692 

J3aiiibridge 

('am^ Hiikw 

3,961 

7,130 

Berthelot 

Anplialt 

9,532 

17,159 

Slosaon and Colburn 

Pitch 

8,400 

15,120 

Anonymous 

Naphthaliti 

9,690 

16,842 

Berthelot 

Paraifin 

1 1,000 

19,800 

Mahler 

'l‘allow 

9,500 

17,100 

S toll m arm 

Sulphur 

2,500 

4,500 

Berthelot 

Pfarolcurti 

9600-1 1,000 

17,280-19,800 

Various 

SchiHt oil 

9000-10,000 

16,200-18,000 

‘ * 

Ibutvy coal khh oil. . 

8,900 

16,020 

Ste. Claire Deville 

( ’otton t>il ..... 

9,500 

17,100 

Anonymous 

liapo oil, 

9,489 

1 7,080 

Stoll maim 

Olivo oil, 

9,473 

17,051 

‘ ‘ 

Hpenn oil. , . . 

10,000 

18,000 

Gibson 

ilydro^cu 

34,500 

62,100 

Berthelot 

Carbon tnonoxhh? 

2.435 

4,383 

‘ ‘ 

Marnli kiih. , . . 

13,343 

24,017 

‘ * 

Olidiant Kan. 

12,182 

21,898 

* ‘ 

AcotylotJo 

12,142 

21,856 

‘ ‘ 

C arliori vapor (diamond) 

11,134 

TtKtrtt— 

‘ ‘ 

( ’cad K»4H. 

4440-7370 

7990-12,266 

Various 

ITtndoutn gan. 

10,800 

19,440 

Anonymous 

Air producer gaH. 

773 1370 

1391-2466 

Various 

Wiit<»r lean 

2350*3032 

4230-5458 

* ‘ 

At Inal gllM 

1015-1548 

1827-2786 



''riu* lu'at.inp: valuer of nu^thaiu', if calculated according 
to its c‘onii)OHitk)n by the formula 8()80C +34,46211, using Favre 
and SillK‘nuann'B flgunvs, is 14,()75 (\vntigrade heat-units, instead 
of 13,(H)3, value'! (k^tcu’mined by a calorimeter, a difference of 
1612 h<‘nt -units. The (‘aleulat(Hl heating value of ethylene, C 2 H 4 , 
is ll,K49, and that of benzole gas, CI 1 H 4 , is 10,109 heat-units, 
ditlVring n‘siK‘(‘tiv(‘Iy from the calorimetric values only 9 and 
7 lu'atMmits. 
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I'ABLIO 13 

SPECIFIC GRAVITY AND WEIGHT OF GASES AT ATMOSPHERIC 
PRESSURE AND 12 DE(J. FA HR 



JXuiHity, 
Air* 1. 

Air 

1 . 0000 

Oxvi^oi, O 

1 . 1052 

Hydro/ijfcn, 11 

0 . 0602 

Nltrognn, N 

0.0701 

('arl)on inonoxidis 

0.0671 

Carbon dioxidts CU)*! 

1.5107 

Mi^thain^ rnarHli-i^aH, (HL 

0.5510 

Etbylcno, (5jH4. . . . 

0.0674 

Acolylcstus ('alL 

0.8082 

Aminoula, NH:i 

0 5880 

Wator vapor, HaO . . . . ... 

0 6218 

Sulphur dioxi(b*, SOa. .... 

2.21$ 


H I. 


c; 


nuiiH jM*rj Potjiuli {H'r 
Gtihif I'uot. 


Fi'c! |H‘r 
Pound. 


14.444 
15. %i 
I . 000 
14.012 
1 1 . 068 
21 .050 
7.0H7 
n.071 
12.071 
« . 506 
H OH I 
M 0(»5 


I .200 
1.420 1 
0,0«05 
t .2544 
1.2505 
I .0650 
0.7150 
1 .2510 

1 1614 
0 7615 
0 H041 

2 H62 


0 oao/iH 

0 (moil 
0 00550 
0 078 0 
0 0780/ 

0 1226/ 

0 04464 
0 0/800 
0 07251 
0 04754 
0 05020 
0 1 / 8 / 


1 2 , 188 
1 t . 200 
178,011 
12.770 
12 810 
8,152 
22.420 
1 2 . 805 
1 1 . 702 
21 016 
10 022 
5 507 


TAHhK I I 

OXYGEN AND AIR REQtURED FOR IHF c 0 >M HlsrU »\ OF CARIiON. 
HYDROGEN, KTO. 



( 'In'iniral Roucdlon. 

Potind-i 
a prt 
Ptuind 
Fntd. 

Potttol » 
N 

1,22 \D 

Mr prt 

Pound 
■~4 12 
c ) 

( Lna’iiuri 

Prodini 

IH-r 

PtMHid. 

('arbon to ( ‘Os ..... . 

C j 20 - ( ’( h 

2Ta 

8 m 

1 1 52 

12 52 

Carbon to <’()., , 

{ ’ j -CO 

1 ‘ 4 1 

4 4* ’ 

5 /6 

6 76 

('arbon monoxi<lt‘ to CO-r 

( ‘O 1 o . < Hh 

</i i 

1 *10 

2 4/ 

1 47 

Hydro^nut to HaO. . 

Mi'Uuuu', CHi to C(L iuhI 

ill } <> lED 

8 

26 56 

14 56 

Fi 56 

IFAE 

CIU } 4D - ('(>, 1 ilDC 

4 

1 i m 

1/ m 

18 28 

Hiilphur to SDi. , 1 

S 1 2D -^S(E i 

1 1 

1 12 

' 4 12 

1 5 11 


TAHLH 15 

VOLUME OF OXYGEN TO FORM WATER WITH THE HYDROGEN 

OF COAL 


Por Cont of 
IlydroKtui. 

LItor* 
Dxyg ii 
Kg. c»f C 

of 

pnr 

‘oiil. 

( ’nblf Fi’of 
of (HygiMi 
por Lb. Ilf 

1 

Pl-sf (O’Hf of j 
HydrogDi 1 



1 ‘Oill. 

1 

1 

55, 

0 

0 806 

6 1 

2 

1 12 


1 702 

7 i 

$ 

168 


2 600 

8 i 

4 

22,1 


1.585 

•* 1 

5 

270 


4 481 

1 


FHrf^» *tr 

|t»’t 

Elf Otifil 


1 15 
i0| 
446 
502 


( llliii' i-rr| 

l«^r Ft* «f 

« iiiil 
5 1*1/ 

fi 281 

; i/O 

» tm 
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TABLE 16 


IGNITION POINT OF GASES (Mayer and Munch) i 


Marsh gas, 

CHi 

667° C. 

1233° F. 


:H« 

616 

1141 

PropaiK^, C 

lalD 

547 

1017 

A(‘,(^tyl(aK^, 

C 2 H 2 

580 

1076 

Ih'opylcnc, 

QiH« 

504 

939 


I (lor doutachon Chemische Gesellschaft, xxvi, 2421 . 


TABLE 17 

I'.LATION BY WEIGHT AND VOLUME OF THE COMPONENTS OF AIR 

Air contains by volume: 


Nitrogen 78.35 

Oxygen 20.77 

Aqueous vapor 0.84 

(Jarbon dioxide 0.04 


100.00 

Deducting the carbonic acid and aqueous vapor, we have : 


Nitrogen By volume: 79.04 By weight: 76.83 

Oxygen “ “ 20.96 “ “ 23.17 


100.00 100.00 

Ratio of nitrogen to oxygen: 

N N 

By volume, 3.771. By weight, ~=3.32. 

Ratio of air to oxygen: 

By volume, =4.771 By weight, ^=4,315. 

Ratio of air to nitrogen: 

By volume, = 1.265. By weight, ™ = 1.302. 

Conversion of Temperatures. A handy nxle for transform- 
ing (Vntigrade to Fahrenheit degrees is: Doixfcfe the Centigrade 
(Itgm's, mdilract 10 per cent and add 32. 

Kxaitiplc: Find the Fnhnsnheit temjMiTature corresponding to 320 deg. Cent. 
(2 X320)-(>4+32=008. 

To transfonn Falmndunt degrw* to Centigrade: Subtract 32 and divide 
hy I.K0. 

lixainplo: Find tlio Centigrade tenipeniture corresponding to 600 deg. Cent. 
(500 -32) +1.80 =260. 
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TABLE 18 

TEMPERATtTHH (H)N'VKUHK)M TABLE 
(By I>r. LconunI Wnltlo) 

Eepdnt from JMctallumcal and Vhnnical Engimrrlng 


'c». 

0 

10 

20 

30 

40 

56 

( 60 


8 ’ 

L' 

«... 

F 

!<' 

|,' 

' I-' 

«"200 

-328 

^546 

-364 

-182 

400 

418 

4 16 

.«. 1 00 

„„ 1 4a 

- 1 66 

--184 

»~202 

220 

218 

256 

_() 

•■f32 

114 

..„4 

--22 

40 

58 

76 

0 

32 

50 

68 

86 

104 

122 

140 

100 

212 

230 

248 

266 

284 

102 

120 

200 

392 

4’I0 

428 

446 

464 

482 

500 

300 

572 

590 

608 

626 

644 

662 

680 

400 

752 

770 

788 

806 

824 

842 

'h60 

500 

932 

950 

968 

986 

1004 

1022 

1040 

600 

1 1 12 

1 1 30 

1148 

1166 

1 (84 

1202 

1220 


‘M ■ fli nu 


™ LEO l'U8 1)46 1)64 \m HOol |4tM }4i6 HVI 

900 16^j 2 (670 1688 1706 1724 1 742 1760 {//« U.|r, Sm|4 

1000 l«)2 la^H) I86H 1HH6 1904 1922 1940 \H*m (9/6 (»^*H 

jipo 2012 2010 204H 2066 2084 2(02 2120 2118 if/4 

lim ^51 2282 2)0(1 2 ((8 2)16 2)(*l 
1300 2372 2)90 2408 2426 2444 2462 2480 2198 2»»(6 2‘HI 

1400 2552 2570 2588 2606 2624 2642 2660 2678 2696 2/H 

1 IIVI 78^8 28/ ! 2894 

1600 2912 29 )0 2948 2966 2984 i002 1020 10 (8 )0‘*6^ (0/4 

!21!SJ !S2? E64 )(82 1200 12(8 IJ iJ i;u 

1 >00 ,3452 1470 )488 )506 1524 1542 1560 i*t/n 4%*m: ioH 

2000 3632 )650 3668 )686 3/04 1722 )740 )/^8 l/7iv )/94 

ilSn ill? LIO/- 1920 )9)8 l9-»r2 19/4 

^irm 4082 4)00 41)8 4(16? 4r»4 

2300 4172 4190 4208 4ii6 4244 4262j 4280 4298 41(6'! 4H4 

i?AA ^**^^^* ‘E42! 44601 44/8 449fj 4%I4 

^Iaa 45iOf 4568 4586 4604 4622i 4640i 46*18 46/6< 4694 

2600 4712 47)0 4748 4766 4784 4802; 4H20j 4818 4«4*; 48/4 

^2?^ ?'!'" '•«'"* 'H'lH -.iHfj -.o'u 

i2/!! lifil 5)80f 5(98 ^,i4 

J™ ^770 5288 5)06 5124 5)42, 5l60j 5(78 ‘nolj 54 H 

3000 5432 5450 5468 5486 5504 5522* 554oj 55'»8j 5',/6! WH 

1122 ?6il 5666 5684 5702 5720j 57l8i 5/16' 5774 

'll22 lltl ^*^^7 5900 59|8i 5916 59l4i 

)300 5972 5990 6008 6026 6044 6062 6080l 6098i 6)16^ lilt 

«!ln flZS M?2 t,im\ f,(H 

lAnn 5J5 ^.*55 »>«•'! »■•)'•« M/l: flvH 

i600 6512 5550 654S 65M, 65H4 ftr,02j 6h2«j 66 IK, 6656, M,;) 

5000 ^in flB HI* *^"^1 **"'* '■'"‘"I 

%ii %j!! mss r/is r n mm ms& 


4|70j 4188 4406 4424 4442! 447.o| 44/8 4496 45 H 

45iOf 457>8 4586 4604 4f»22i 4640i 4618 46/6 47*94 

47)0! 4748 4766 4784 4802; 4H20| 48IH| 4816? 48/4 


4928 4946 4964 
5108 H126 5144 
5288 5)06 5124 


4982 500o! 5018 50)6! 5054 
5(621 5)80f 5(98 5214 

5)42] 5I60| 5(78 5 196] 54(4 


5468 5486j 5504 5522* 554oj 5558j 

5648 5666 5684 5702 5720j 57l8i 5/ir*' 5 / 74 I 

W28 5846 5864 5882| 59001 59181 59)6 59141 

6008| 6026 6044 6062^ 6080| 6098i 6)16^ 61 t-lf 


6188 6206 6224 
iiUn 6186 6404 
6548 6566 6584 

6718 6746 6764 
6908 6916 6944 
7088 71061 7)24 


62421 62601 6228 
6422? 6440; 6158 

6602| 662«j 66(8, 

6782! 6800 68 ml 
6962 i 69«0i 6998 i 
?)42j 7l60j 21/8: 


6296. 6)11 
61/6 6494 
6656, 66/4 

#18 lo! #*«54 
2016: 2014 
2 ) 96 . 7214 


' ' » * ^ I I I 

*^.+U*.6 K -a456«.6 r : »“« 


• lilt’* r 
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Calorific value of lignite, 103, 106 
iriarHh gas, 257 
methane, 257 
Mexican oil, 138 
natural gas, 163-167 
New ( <nl('(loiuan coal, 07 
New Z(‘aland (^)al, 101 
Nova Hcotia coal, 97 
okvfiant gas, 257 
oliv(5 oil, 257 
Ontario coal, 97 
parafiin, 257 
peat, 107, in, 113 
petroleum, 257 
petrot^Ium gas, 257 
prodiUHU’ gas, 156, 160 
rape oil, 257 
llusaian coal, 98 
sc^hist-oil, 257 
Bcot(;h (!oal, 9D 
Bpauish (‘oal, 99 
sperm oil, 257 
straw, 125 
sugar cant', 257 
sulphur, 257 
tallow, 257 
tan hark, 129 
tar, M2 

various suhstances, 257 
wattu* gas, 160 
wood, 123, 126 
(kilorimt'ters, fuel, 9, 220 
fitt'am, 220 

Calorimeter, Alexejew, 21 
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Atw'iih'r, 5(^ 
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l)oml>, <»|M*ration of, 39 
homl), Widther-IIempt'l, 59 
BauHen, 61 
CariKUit.er, 24 
ctjuntani prcHHurt*, 17 
coriHlaut volume, 34 
corrt*etionH for Ihermtunett'r read- 
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evaluation of in wattT, 12 
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using jvu ntt\ilinry auIrUnnee, 53 
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nioiioMiie, hem due to fonnaftoii of, 
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(5ir|H*nter ealorimeter, 21 
<*i4luh*Hi% find of ro-uthu'it toll of, 
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C'enftgrnde degreea, eoiiveratoii of tti 
Fidirenhetf, 259, 2««1 
Clmreonh wood, 120 
Coal, 65 

iind eoke, relative hoafiiig viililf* of. 
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Afriean, h«*iifiiig vuliir of, H7 
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nnitlyai'H of foreign. Nrr ilraiing 
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C’onl, Aiwtrnlinn, umtiiig valuo of, 87 
AuHlrian, heating value of, 87 
Britwh, heating viiliu* of, 
ealeiilnticui of hc*ating value from 
^ ultimate aiialyHiH, 180 

c*a!(»nli<^ power wh(*a burned 
uiult'r a Ht c\am boiler, 175 
eali wiuH'try of, 51 
C’hiliiui, heating vaha^ of, 88 
C 1uuew% htiding valium of, 97 
eliwaifieatiou of Aimwican, (HI, 82 
elawifieat ion of, (Iruuer’H, 07 
eombuHtuju of, 170 
dtderminatiori t)f mointure in, 240 
dillfwenee laHwcnui aetual and cal- 
eulated heating value of, 85 
dwtribution of tlu^ heat of in 
iHuItTa, 183 

t'ffeet t)f moiatun^ on laad-ing value 
of, 185 

ftjnagn, htading vnlu(‘. of, 80 
Frcuieh, hcaituig vuha^ of, 89 
guH, M9, 153 

guH-, healing value* of, 115 
(lenuan, h(»ating vaUie of, 90 
ht*at «>f eoinbuHliou of, from annly- 
hIh, 23 1 

la*atii}g vaha* of (»onKtitU(*nt8of, 177 
Hunguriaii, heating value* e)f, 87 
lew e>f la*Hting eOeet hy format iem 
of i'nrhon monoxiele*, 187 
hwH «»f heating e'heet due* te> uu- 
biiriaal eeunhuHtiblc’ ga8(*H, 191 
loHM of lanifiiig <‘IT(*(*1 in aoot, 187 
iitefliodM e»f burning, ISO 
New (*altahmian, heating vahie of, 
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New Zejilalitl, lieating value e»f, lOI 
Niivii HroUa, heating vnliie {»f, 97 
Cliitiirio, heating value* of, 97 
tt\yieii retiiiirtnl tee form water 
with liydrogt*ri eif, 258 
lirn^iiniite ftUfdvHiH of, 222 

lieiiting value of, 98 
‘^utiiplirig itiitl drying, 220 
Hrolrli, Imititm value* «>f, 99 
tif liituiiiiiiwUH, 230 


Coal, Spanish, heating value of, 99 
Coke, 114 

American, heating value of, 117 
and coal, relative heating value of, 
115 

breeze, 120 

lOnglish, heating value of, 118 
French, heating value of, 118 
Cerman, heating value of, 119 
lu*ating value of, 115 
Now South Wales, heating value 
of, 118 

oven gas, 1()8 
peat, no 

Colliery refuse, heating value of, 102 
Colza oil, calorimetry of, 49 
CO-i Rccordei's, 200 
Combustion, air required for, 231, 2,58 
analysis anti nuMisurement of prod- 
ucts of, 193 
htiat of, 2 

htuit of, of (ioal hy analysis, 231 
lieat of, of various substances, 257 
incompkite, loss due to, 191 
of ciirbon, 155 
of coal, 170 

of fuel c.outaining hydrogen, 155 
of lignite, 104 
of litiuitl biel, 135, 139 
spt*cirK^ h(‘at of gaseous products 
of, 250 

( 'oust ant -pr(*SKur(^ (calorimeters, 34 
Corn'(!tions for tlucrmomoter read- 
ings of (calorimeter, 13 
( 'ot ton oil, calorific; value of, 257 

I) 

Dt'antuned alcohol, 142 
i)i(*tcnci’H (calorimeter, 63 
Draft gages, 208, 219 

E 

ICllicicncy, boiler, 230, 242 
furna(;e, 237 

h'.llison dilTencntial draft gage, 212 
hkluivalent evai)orat ion, 230 
Klhylc*m;, calorific value of, 257 
Eva|H>ration, factors of, 245 
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Factors of evaporation, 245 
Fahrenheit de#i;rees, aomomon of to 
Centigrade, 250, 2()() 

Favrc and SillKnanann calorimeter, 18 
Fischer calorimei,er, 22 
Fletcher anemoiiKd.er, 207 
Flue gases, analysis of, 229 
heat lost in, 184 
sampling, 222, 242 
Fuel, gas(iouH, 147 
Fuel, licjuid. Litpiid fuel, 

Fuels, I 

Furnace efiie.itme.y, 237 
G 

Gages, draft, 219 
})reHsiire, 219 
Gas ntuilysis, 198 
analysis, ( Irsat apparatus, 199 
analysis, lhaupc'l apparatus, 2(K) 
as boiler fuel, 148 
blast furnatu^, 108 
calorinudry of, 52 
coal, 149, 153 

coke oven, 108 j 

g(m(‘, rater, 152 | 

illuminating, 148, 151, 153 
nuirsh, calorifu? value of, 257 
mixed, 150 

natural, 102. aim Natural 
gas. 
oil, 105 

olefiant, c.alorifie valuer of, 257 
ptd.roelum, calorifie value of, 257 
V)roduc.er, 154, 158, 1(H) 
produ(a?r, from lignite, 105 
sampkir, 193 
munpler, MK) 

siunpksr, Jt^nes, 190 
water, 150 

Oa«-c,ioal, hf^ating value of, 1 15 
Gaseous fuels, 147 
products of combustion, simciflo 
lieat of, 250 

Gases, fluci, fuifilysig of, 229 
{luo, sampling 222, 242 


Giuscs, heat of combustion of from 
analysis, M8 
ignition fxa’ut of, 259 
specilir gravity of, 259 
sperifi,- li(‘at of, 255, 250 
\vt‘igb' of, 259 
(lasoliia*. I. '12. Ill 
Gnmer’s (4as.‘ li 'at ion of ctnd, 07 

11 

Tlartkw and .futdicr calorimeter, 29 
Heat balance, 230, 238 
lost in ftu’uiation of sfeain in 
lanaiing eoal, ISO 
I lost in waste gasen, 18-1 
i Heat of combustion, 2 

cnkadatitm <4 froto quantity of 
; oxvgeti twed, 0 

j of lienzole gas, 257 
of carlum, 19 
of coal by annly.sis, 231 
of cthylimc, 257 

of gases titUermimai from anal- 
ysis, MS 

■ of imU limit*, 257 
of substaficfs in u\ygrn. 4 
Heat, specjfir Sn‘ heat. 

Heating Value, 2 
of Ac*f*l>4rm*, 257 
Afrii’.*m coal, 87 
Aiiiertrmi rnni, IHi, 72 
Ainerii’aii eoko, 1 17 
Ami*rirmi mis, 144- 
Aint*n«*iiii 111 
asjilmlt. 119 
AuMlralmn coal, 87 
Ausfriaii coal, 87 
I biigfisse, 127 

: biiufuim, Mil 

bliiat furiiiice giw, 

British coal, iHI 
( ahforma fTiitlr* oil* 137 
is4luloKi% 257 
^ Ghilian coni, HH 

(3iiiie»i» laifil, il7 
coni, acfiiiil iiini ciilriilniiil, i5 
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Heating value of coal calculated from 
itH ullirnate analysis, 180 
coke, 115, 118 
(K)ke !>reeze, 120 
(U)k(*. oven gas, 108 
e.ollicay refuse, 102 
constit luaits of coal, 170 
eoHon oil, 257 
(lenatunHl nlcoliol, 142 
kkirop(‘fui coal gas, 153 
forcrign coal, 86 
foreign oils, 145 
Kuaicli coal, 89 
I'Vench (‘oke, 118 
gjiH-eoal, 115 
gHHoliiu', Ml 
( kaanan coal, 90 
( lennnn coke, 1 19 
Hungariuti c(jnl, 87 
hydrogcai, 257 

illurninatiug gas, 151, 152, 153 

k(*roH('n(N Ml 

lignilis 103, too 

runr.sh gas, 257 

M(‘xienn crude oil, 138 

natural gas, 103 107 

X(‘w (’akslonian coal, 97 

New South Wak‘H coke, 118 

New Zen land coal, 101 

Nova Scotia coal, 97 

ok*liant gas, 257 

olive eiil, 257 

(hitaritj coal, 97 

itarallin, 257 

107, 111, 113 
|w'trol(*utn, 257 
l«*tri)kniin gas, 257 
producer gas, 150, UK) 
ciil, 257 

Ituasian eonl, 98 
Rcliist-iul, 257 
Scot eh <’«ial, 99 
Hliiwush (and, 99 
ii|>t‘riii oil, 257 
Hi raw, 125 
sugar time, 257 
mtlphur, 257 


Heating value of tallow, 257 
tan-bark, 129 
tar, 142 
water gas, 160 
wood, 123, 126 
ITernpcl calorimeter, 58 
gas analysis apparatus, 200 
Hermann calorimeter, 60 
I lerschcl calorimeter, 61 
llirn’a method of draft determina- 
tion, 208 

Hydrogen, (iilorific value of, 257 
calorimetry, of substances contain- 
ing, 54 

combustion of fuel containing, 155 
I 

I(‘.e calorimeter, GO 
Ignition point of gases, 251 
Illuminating gas, heat of combustion 
of, 148, 151, 153 

J 

Junker calorimeter, 29 

K 

K(mt, (dasaification of American coals, 
66, 82 

draft gage, 209 
Kc^roseuc, 132, 141 
Krockcr calorimeter, 57 

L 

I^ewis Thompson, calorimeter, 32 
Lignite, 102 
Ameridin, 105 
AuBtralian, 104 
Boluunian, 104 
(U)mbuHtit)n of, 104 
lOuroiKMin, heating value of, 100 
(fonnan, 104 
producc^r gas from, 105 
S(5otch, 104 
Tcxiis, 103 
Liquid fuel, 130 
udvantages of, 134 
coinbuHtion of, 135, 139 
rtdativc calorific values of, 135 
Liquids, specific heat of, 255, 256 



266 


INDEX 


M 

Mahler bomb calorimeter, 43 
Marsh gas calorific value of, 257 
Mean calorie, 2 
Mentals, specific hc'al- of, 255 
Methane, calorifu^ vaiiu^ of, 257 
Moisture, (4Te('t of on lu'at.ing vahu^ 
of coal, ltS5 

in coal, detcnininaiion of, 240 
in steam, <.k4.(M’miiiation of, 241 

N 

NaphthaJin, use of in calorim<4 ry, 52 
Nassau (X)^ machine, 200 
Natural gas, 102 

analyses of Indiana, 102 
aualyseH of Ohio, 1(52 
analyses of PitlHl)urgh, 1(K$, 104 
calorifics valium of, I(KI~107 
Ciilorifh^ value of (‘.omparc^d with 
coal, 103 

0 

Oil, air recpiirc'd for combust ion of, 
130 

California (^rud(\ 130 
cidorifn? pow(*r of Ananncan, 144 
(! )lm, calorinuMry of, It) 
cotton, heat of (combustion of, 257 
for(*ign, calorific vnlia* of, 145 
fu(‘l, HpcHifmatioiiH for pnrchuH(* of, 
140 
gas, 105 

Mc'xicmn cnahs 13H 
olive, (mlorific value* of, 257 
riipt^ calorific vnha^ (d, 257 
r(*Hiduuin, 133 

schist, cidorific value of, 257 
spt*rm, caloritic value’ of, 257 
Olefiant gas, <nilorili(’ value’ of, 257 
Oliver oil, cale^rifie value* of, 257 
Orsat giw iiualyniH apparalus, 100 
Oxygem nspiircd to form water with 
hydrogen of eoal, 258 

P 

l^araflin, calorific value* of, 257 
8c*rieH, 131 


Peat, 107 

Anu'rican, li(*ating value of, 111 
eoke, no 

(‘HVet e)f moisture ami ash on, 109 
Murope’au, heating value’ of, 113 
<‘vape>rativ{‘ powen* of, 100 
lU’i’puration of, HO 
re'Iativt^ value’ of, I OH 
Petroleum, cnleerttie’ value* of, 257 
comparative’ Imating value* cd, 132 
cruele*, 132 

gas, calen’itic value* ed, 240 
Ht‘n(*H divisiem ed, 130 
Produce*r gas, 154 
e’aherilie’ value* td, 150, 100 
I’ound-calejrit*, 2 
l^yromeUeTs, 210 
('(‘hling, 200} 

li 

HajK* (til, cale»nlic valuer (d, 257 
He*bl.se*, wetoel, 125 
I{<*siduunj oil, 133 
Uingtdmann smoke* chart. IHS 
IbtlnTts Hinetkc chart, 180 

H 

Sampler, gas, 103 
Snre’o C3 rce’orde’f, 203 
Schist-od, caloritic value ed, 257 
Sedudia and \0'aiiha ciih»nmcO*r, 02 
Segtir dttTcreUilial draft gngt*» 20H 
Smetke* cImrtH, I.HH 
density nf, 187 

determination, 220, 220 
jH*rccntage‘s, 220 
St»Iids, Mitectie heat of, 255 
StHtl, Ions of heating ViiltiP td rofil 
due to, 1 87 

quantity hamisl in liuriitiig coni, 

101 

S|iceifie’ gravity ed gases. 2-III 
Specific heat of ga^en. 255, 250 

ga^*ous iiroeluelHiif riiiiiltiifithui, 

250 

liquielrt faliii% 255, 2.50 

met ids, 255 
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S|KHufu; heat of solids, 255 
watc‘r, 254 
wood, 250 

SiH‘eirK‘at.ioiiH for fuel oil, 140 
SfM^rm oil (^alori(i(‘. value of, 257 . 
Hti'aiu, lu‘at in, ISO 

heat lost, in formation of in burn- 
ing eonl, ISO 

eornM^tioim for (lualiiy of, 220 
detenninai ion of moisture in, 241 
inc'HHuring apparatus, 210 
pmpt‘r(i(‘H of saturated, 250 
Hainpling, 221 
tabI(‘H, 250 

Htravv, lunitiuK value of, 125 
Sulphur, eahuitie value of, 257 

T 

4 allow, <*alorifi(‘, value, of, 257 
'ran-bark, wet, luniting value of, 
120 

lar, 142 

IVmjHTat un* eonversion, 250, 200 
<if waste gaH(*H, 205 
IVstH, boiI<‘r. A'er boiler toHls. 
'rh<*rna>mt4(TH, 0, 210 
Thomsen eaIorimc4<'r, 23 
Thoinpion, W,, calorimotor, 27 


U 

Uehling CO 2 recorder, 201 
pyrometer, 206 
triple draft gage, 214 

V 

Von Than calorimeter, 62 
W 

Walther-Hempel calorimeter bomb, 
50 

Wartha calorimeter, 62 
Waste gases, determination of vol« 
lime of, 207 
heat lost in, 184 
temperature of, 205 
Water gas, 156 

gas, calorificj value of, 160 
value of (udorimeter, 12 
weiglit and specific heat of, 254 
Weight of gases, 259 
Witz calorimeter, 59 
Wood, 122 
analyses of, 122 
char(U)al, 120 
heating value of, 123-126 
refuses, 125 

relative heating value of, 124 
specific heat of, 256 



